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FOREWORD

This manual is designed to provide guidance and procedures
for the California Department of Transportation and other
organizations involved in noise activities as related to

the highway transportation system. The procedures discussed
cover the requirements of all Federal and California State
Taws,

Purposes of this manual are to:

Promote uniformity in performing noise studies and

reporting results, QSSP
° Detail elements of a noise study and report.

° Qutline the overall Caltrans r'esponsﬂaﬂ11:1(35.{:{?\/>
Provide a quick reference for the app]1cab1e“?gws,
regulations, guidelines and procedures. éK

N
i
Most of Caltrans activities in the ﬂ01§@ area involve per-

forming a project study. The obJecfAQgs or purposes of the

study are as follows: <§&?

1. Define the noise envmongb and assess any impact

| | X
Provide a reference and training manual, tég

on recejvers due to a osed improvement to the

transportation sys ém. Determ1ne the appropriate

mitigation if W\fﬁﬁfarj ‘and feasible.

2. Determine thec%gzse impact of receivers on existing
: . ol = .- . . .
h1ghways§éggathe mitigation if necessary and feasible.

@
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This manual provides the information to allow project study
personnel to perform a noise study to meet selected objec-
tives. Steps to‘fo11ow involve becoming familiar with:

Legal requirements

Fundamental cohcepts of noise
Measur%ng noise and analyzing data
Predicting noise

Mitigating noise

Writing the report

The manual is divided into three basic sections as follows: ggsk?

Section I Fundamental of the Physics of Sound and SQ§§§§§>

Measurements QS§D
This section discusses the noise concepts and how 1 Ties

to people, vehicles and highway traffic. 4§§§?

Section 1II FHWA Noise Prediction Model, Basg;gr Design
Procedures, Construction No1se—ynd Noise Reports

This section discusses the FHWA requ1ngments and procedures

for performing the compliete study, QEEE;ng the report and the

legal references. <§E} .
Section III California Depa\ of Transportation

Requ1rements aﬁﬁ& o11c1es
This section discusses ¢;}ngs that appiy only to California
and Caltrans 1nvo1vg\i§$§ Var1ous Tegal references are
presented.

The laws and §’¥at10ns which apply to Transportation Noise
are d1scusse;\$ Section Il (Federal) and Section III (State).
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Organization

Policies and procedures related to noise are developed by
@he following Caltrans Headquarters Offices in Sacramento.

0Office of Planning and Design:

° Responéible for policies and procedures related to project

development, including noise reports. The Community Noise
Program, HB311, and the School Moise Program, HB312, are
assigned to this office.

Qffice of Environmental Planning: ( <§E?
° Responsible for policies gnd procedures related t0'prgpéﬁi<§,

reviewing and processing Environmental Impact Statements ETS) ,
Environmental Impact Reports (EIR),_Findings'bf Mo Si%hj%icant
Impact (FONSI), and Negative Declarations {(ND}. )

0ffice of Structures and Design: ' <S\»
o Responsible for developing structural dgsﬁ@g&%riteria,

standard plans, and special provisions.\:gi}
Provides architectural assistance tqghe Districts.
Responsible for designing sound waﬁi@,ﬁdt covered by
standard plans. | . -v '

&

0ffice of Transportation Lng\ggory: :

° Responsible for providing“@dvsu1tation and advisory services
in environmental nois‘Qmatters.
Develop methods amdfﬁ’ch%iQUes for investigating, evaluating
and reporting on?%yv,onmenta1 noise impact.
Provides a ceg§ﬁaTTéed capability to do the more complex

. and diffii§§§§§§Udies by maintaining a staff of experts

and stats$§> e art equipment.

iv







Provides review and training services to ensure that
District noise studies are of uniform high quality.
Conduct research which will anticipate and proﬁide
solutions to the needs and prob?ems of Caltrans during
highway planning, design, construct1on, operat1on and
ma1ntenance
Evaluates implemented research.
Develops, modifies and maintains computer programs to
facilitate project stud1es.
Performs Quality Assurance Tests on District's noise
instrumentation and procedures.
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SECTION 1

FUNDAMENTALS OF THE
PHYSICS OF SOUND AND
SOUND. MEASUREMENTS
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CONVERSION FACTORS

English to Metric System (5I) of Measurement

or Torgua

Presasura

Stress
Intensity

Plane Angla

Temparature

Quanity English unit Multiply by
Length inches (in)or(™) 25.40
.02540
feet (ft)or(") L3048
miles {mi) 1.609
. . .2 -4
Area square inches {in<) 6.432 % 10
square feet (ftz) .09290
’ acres 4047
Yolume gallons {gal) 3.785
cubic feet (ft3% .02832 -
cubic yards {yad3) . 7646 -
Volume/Tima
{Flow) cubic feet_per '
second (£t3/s) 28.317
gallons per
minute {gal/min) 06309
Mass pounds (1b) 24536
Velocity miles per hour(mph) 4470
feet per second{fps) .3048
.Acceleration feet per second .
aguared. {ft/s2) «3044
acceleration due to
force of gravity{G) g, ,gpy
Weight pounda per cubie
Density (1b/Et3) 16.02
Force pounds (1lbs) 4.4439
kips (1000 1ba) 4448
Thermal British thermal >
Energy unit {BTU) A
Mechanical foot-pounds! Ft~1h) g%;?s .
Energy foot~-kips (ft-k) 13?&;_
Bending Moment lnchwpounds(ftilhﬁf\ « 1130

foot-pounds{ft-1naN M1, 356
S

pounds per squa

Inch (p51) N 6095

poutds per{ sqiipte

foot (psf) "N 47,88
kips pq@quuarnt

inch aqliara roo

tnehs(Had VT7) 1.6988

(Q§Q§<; .

pou}é\ ag quaiﬂ
Wihch square roo _
inqy\(psi /Tn) 1.0988
degrees (°) 0.0175

degrees
fahrenheit (F)

tF - 32

1.5t

T-vii

To get metric equivalent

millimetres {mm)
metres (m}

netres {m)
kilometres (km)

sguare metres (m2)
squaxe metres (m2)
hectares (ha)

litres (1)
cubic metres (m3)
cubic metres (m°)}

litres per second {(1/s) {2 -
RANSE
\A‘f g

litres per second (1/s) é$§§;;;2

: AN
kiloegrams {kqg)
‘ g . §§39
metres per second [mys )

metres per second{%%iii _
~ s

metres per seg ad
squared {m/sz‘ggng

metreslégg:zzﬁond

squared {m/52)
'Eaﬁ A

ilograms per cubig
Jn(;\tre {ky/m?) .

<

\hgwt;nS(NJ

Joules ()

joules (J)
Joules (J)

newton-metres {Nm)
hawtbtn~matres (Nm)

pascals (Pa)

pascals (Pa)

moga pascals Aigire {MPa /it)

kilo pascals /Metre {KPa /m)
radians {rad)

degrees celsius {°C)
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INTRODUCTION

The passage of the National Environmental Policy Act of

1969 (P.L. 91-90) and subsequent Federal and State legis-
lation required the California'Department of Transportation
(Ca]trané) and others to become invelved in environmental
analyses. Noise is one element which needs to be addressed.

Section I deals with the bhasic fundamentals of noise and
relates it to the highway transportation system. It also
includes the measurement and analysis of traffic noise. AN S
SN

: <3\1Q4
Enough information is provided to enable a serious reaigr ‘
to communicate with other technically oriented persoﬁ€§$_'
in highway transportation noise and with the lay pe\§9ﬁ.-
Additional information for those who wish to e;ﬂ%\d‘their
knowledge in acoustics may be obtained from tﬁéékﬁferences
listed with this section or from textbooks‘igii}?

Gt

A glossary 1is included at the end of tﬁjs ggitfon to provide
information on acoustical terms ndt<85mmdn1y used by the
lay person, Sources for obtainin@;noiée information are

also provided. \%?

[-viii
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Chapter I-1
Basic Fundamentals
I-1.17 Sound

Sound is mechanical energy transmitted hy pressure waves
traveling in a medium such as air. It is usually caused

by a vibrating object which compresses or rarefies the air.
Noise is defined as unwanted:sound. This perception may

differ between individua?s‘ An example of this might be .
music fkom a rock band, These two terms, sound and no1se,:€%§§“‘
are often used synonymousiy.

The speed at which sound travels is 1128 feet per %Eé;;ig

at 70°F and an atmospheric pressure of 29.92 inches

mercury. <3§§E5h
AN
Acoustics is the science of sound which 1ppﬂudes the
—_— 7

generation, transm1ss1on and effects of §bund
R

-
1-1.2 Decibels \53'

Sound creates pressure d1fferen <§$§ in the air. In
order to measure sound, a s¢ raduated in decibels (dB)
was developed. Zero dB waékqg%ab11shed as the starting
point, It is reference&i&o a pressure of 0.0002 microbar
which is the weakest? o nd that can be detected by an

average, young, a]é@gi erson without any hearing impair-

ment. | nggi

A strong gd&ga} which might come from a source such as a
jet airp1an§> could be 1,000,000,000 times greater than

I-1-2




" a pérson whispering., The large spread in sound pressures

and how it is perceived by the human ear indicated that the
1ogar1thmic decibel scale was a practical system for measur-
ing sound intensity. Logarithms compress large numbers into
a more simple manageable scale.

In its simplest form, sound'pressure in decibels 1is
expressed by the term;

el : ) ] _ P.
Sound Pressure Level (SPL) = 20 10910(Fl) dB
2

P] is any sound pressure ° 13:2?
P2 is 0.0002 microbars, the reference pressure. AN

in acbustics, the word "level" (abbreviated L) is usegh§>‘
. AN ‘
whenever sound is expressed in decibels relative tdztg

Y

reference pressure. Figure I-1.1 illustrates t QK;
sound levels for indoor and outdoor sources. 9§§$»
: ‘ Y

I-1.3 Addition of Decibels G

Sound pressure levels are 109arithmfﬁgunits which cannot
. T

be added algebraically. An apprg\imate estimate of the

sum of two decibel levels can de by using the

. &
following Table I-1.1. @

Nl
.ﬂﬂe T-1.1

'y

When two decibe§§§é_ | Add the following amount

values diffeqs%;- to the higher value
0 or 1.dB ™~ 3 dB
2 or 3\dBy 2 dB
4ty B 1 dB

locsggsp more 0

This tabie;prqvides an accuracy of +1 dB.

()
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“See following for examples of the use of Table I-1.1.
Problem: What is the sum of two noise sources 60 and 63 dB?
Solution: 63-60 = 3 dB
From Tabie I-1.1. When two decibel values differ
by 2 or 3 dB, add 2 dB to the higher value:

63 + 2 = 65 dB

Figure I-1.2 shows a chart which is used to add two decibel

levels. It prdvides an accuracy of about 0.2 dB if care RN
is used. ' : - CAN
. /z\i\ C:')
. b3
Alternate Solution: 63-60 = 3 dB <§§Q;5

From Figure I-1.2. The difference in decfb
(3 dB) is located on the abscissa and a vé ‘f1ca1
line is drawn to intersect the. curve§§ hen a
horizontal 1ine is drawn to 1nterse gfmhe ordinate
giving a correction of about ]r8“dB hich is added
to the higher source ‘ = 1
63 + 1.8 = 64.8 dB 63\ |
When several decibel levels are % ﬂbe added they are
arranged in increasing value \SSEI ed two at a time
starting with the Tlower va1u§§$$?The following example is
shown using Table I-1.1. . &Q§>,
. | R \
Problem: Given sound: t;&e1s of 75, 82, 68, 79 and 88.
What 1is th) otal sound level?

S
K

I-1-5

B R




Figure 1-1.2
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‘Solution:

68

90 dB
76

79
82

88

The difference between 68 and 75 is 7. From Table I-1.1,

when two decibel values differ by 4 to ¢ dB, 1 dB is -added
to the higher value (75 + 1 = 76). The difference between .3,
76 and 79 is 3. From Table I-1.1, when two values by 2 orfg%-\
-2 dB is added to the higher value (79 + 2 = 81)., In a Ia gyfl

manner the other values are combined as shown in the aQ§>\7
-

example. <33?

If a calculator is available, the decibel 1eve§§

bined using the fo]iowing equat1qn. 63§§3>

SPL SPL ,Q_ SPL

\}9& com-

L e
- SPL = 10 1og10 10 TU + 10 10 ég‘ ..... 10 10

—4'

where SPL = Sound Pressur%sgéégl (dB)

Using the sound levels in QiE§§E%V1ous examples and sub-

stituting into the abot§§z ion, the total level is

calculated as fo]Tows<§é
. 82 68 79 8

QN4 79 88
TO A T + 1019 &+ 1070 4 107

oo

The 89.6 is an exact calculation. The approximate 90
‘decibels determined by using Table I-1.1 is- very close to
the calculated value.

E__%
-
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The Table I-1.2 showing "10 Tog N" values is useful for
determining decibel equivalents of numbers. It can be
used for the following purposes.

1} Problem:
Combine four equal noise levels of 80, 80, 80 and 80 dB.

SoTution:
From Table I-1.2. Under the N column, find the number
ciosest to 4 which is 3.98. The 10 Tog N number opposite
the 3.98 is 6.
Add the 6 to the 80 for a total 86 dB.

2) Problem: X &)
70 dB is produced by traffic of 2,000 autos per hour. 3 ’
What is the Tevel produced by traffic of 6,500 autoségégg
hour. '

A

Solution
. . s 6500 _ <§3}
Increase in traffic is 5000 - 3.25 v3\

From Table I~1.2. Under the N co1umn, f1ng :the number
closest to 3.25 which is 3.16 (a c1osa3_est1mate may be
made by 1nterp01at1ng) The 10 log N\number opposite the
3.16 is 5. Therefore, the increase 1n>no1se level due to

an increase in traff1c is 70 +<:§5E35 dB.
3) Probiem: <§§Q>

The noise level for pegé&iour traffic is 72 dB.
\)
W

y
What is the noise lgve?

peak hour traffic?®
N

én the traffic is 70 percent of

'Soiut1on G%é)
N

From Tab1e fglb Under the ¥ column, find the number
closest to %\ 0 which is .708. The 10 1og N value opposite
the .708 is -1.5. ‘
Since this is a decrease in traffic, the noise Tevel 1is

now 72 -1.5 = 70.5 dB.
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TABLE I-1.2
DECIBEL EQUIVALENTS OF NUMBERS

10 log N 10 log N _ 10 log N

'

N {dB) N (aB) N (dB)
.10 -10 2.24 3.5 250 24
112 - 9.5 2.51 4 320 25
.126 -9 2.82 4.5 400 26
.141 - 8.5 3.16 5 500 27
.158 - 8 3,55 5.5 630 28
.178 -~ 7.5 3.98 6 800 29
.200 -7 4.47 6.5 1,000 30
224 - 6.5 5.01 7 1,250 31
.251 -6 5.62 7.5 1,600 32 &y
.282 - 5.5 6.31 8 2,000 33.Qi£;
.316 -5 7.08 8.5 2,500 30N
.355 - 4.5 7.94 9 3,200 ?%?\ ?-
.398 -4 8.91 9.5 4,000 <§%;?
447 - 3.5 .10 10 5,000 <§S§
.501 -3 12 11 6,300 <§E? 38
562 - 2.5 16 12 8,000, 39
.631 -2 20 13 10,0008 . 40
.708 -~ 1.5 25 14 12 500, V- 41
.794 -1 32 15 6000 42
.891 - 0.5 40 16 Qﬂ‘hoo 43
1.000 0.0 50 17 (<25 2000 24
1.12 0.5 63 18 32 000 45
1.26 1 80 19 K| 40,000 46
1.41 1.5 100 - 20 Q%r +* 50,000 47
1.58 2 125 21, \s71 63,000 48
1.78 2.5 160 2%%55. 80,000 49
2.00 3 200 ﬁ;ég\ 2 100,000 50

Note: By simply remembenéég the relationship that,

10 log 1 = 0-GB)
10 log 1.25 =33 §5
10 log 1.6 = B

10 log' 2 -=<§9

,.

the above tab ibe extended up or down to get "10 log" of
any number d éit Note the simple sequence: for each doubling
of a quantlty ere igs an increase of 3 dB for "10 log" of that
quantlty, or each time a quantity is changed by a factor of 10,

- there is a change of 10 dB for "10 log"” of that guantity.

()
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The above examples were presented to demonstrate the use
and versatility of Table I-1.2. The decibel levels used
were for illustration purposes only. If a calculator
were available, any 10 1og N value could be accurately
determined.

I-1.4 Frequency

Sound is composed of different frequencies unless it is

a pure tone. Frequehcy simply means cycles per second or

how often the compression or rarefaction of air occurs

each second. The new international unit now commonly used <zz&
to describe Frequency is the Hertz (Hz) which has the samg}ﬁéi’
meaning as cycles per second. The study of sound's frquifpy

content is often referred to as "spectra] analysis”. \é?

?A
It is sometimes necessary to characterize sound 1n terms
of its frequency components for the followingx %gSons,
/{\5
1) People have different hearing sens1t1h1t1es and
different reactions to the various fﬂ&guency ranges of

noise. <§i_}~
Vi

2) Different n01se spurces hq\E%VJffer1ng amounts of

noise across the full audio. pﬁ of frequencies.

3) Engineering SO]UtlfPS for mitigating noise are
different for high anQQ%Pw>frequency noise.

A person with acptégﬂear1ng would be able to detect
frequencies fré:?zo to 20,000 Hz, However, everyone loses
the abi1ity~\b %%r high frequencies (over 10,000 Hz) as

A

they become\gider.
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'”f;115'?08téﬂé‘édhds of Frequency

It is conventional practice in acoustics to separate
frequencies into nine dctave bands. The frequencies are
shown as ranges with the geometric mean frequencies re-
presenting the range. The numbers are rounded off and
are shown on the following table:

Table I-1.3
Octave Freddency Geometric Mean
Range (Hz) : Frequency of Band (Hz)
22-44 31 _g;§g>
44-88 63 N
88-175 125 N
175-350 250
350-700 500 4S§§g
700-1400 7 1000 Q:\o :
1400-2800 2000 A
2800-5600 4000

5600~-11,200 ' ‘ 8000¢3§§§?

<A,

For sﬁéciaTized applications Table I-].3<§égége extended to
cover lower or higher frequencies. Iigban also be broken
down to smaller ranges such as one ﬁ%ﬁfﬁ’One third or one
sixth of the ranges shown. <$3?“\&'

When a sound source 1'nc1ude<\s’\\e range of frequencies,
the resulting value is ca11é&§the "overall level". 1If a
sound source falls in &%;octave frequency range it is

>
called an “octave ban-&i;ye1“.
' RN
I-1.6 wavelen%ééaé Sound

Wavelengthsy\gfosound are useful when considering various
accousticd?\wroperties of sources, materials or sound
control treatments.

I-1-11
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Sound was defined as pressure waves caused by the compres-

sion and rarefaction of air.

Frequency is how often the
compression and rarefaction occur each second.

Wavelength

is the distance from one cycle of compression to the next

cycle of compression (Sketch I-1.1).

Pressure —g

23
I
(‘\

~,
/(V
e
O

Velocity —w

Distance —eio-

&

-

] £
The upper curye in the figure shows how, m:qisure varjes
above and below average with distance at\a gwen time,

The tower curve shows how velom varies, above ZETO
(that is, molecules moving to the L%!gpa'nd below zero

{that is, molecules moving to 1 e distance (A)

between crests of both cur e‘s%wa\m!ength of the
sound, g%
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It can be ¢alcuTated by

c

=

T
wavelength (feet)

speed of sound (1128 ft/sec)
. frequency {cycles/sec)

1}

-0 > >
0

The following Table I-1.4 was constructed using the above
equation: )

Table I-1.4 2

Frequency

Wavelength
(Hz)

(feet)
5 N

500
1000
2000
4000
8000

%—x

A practica]'app1icat10n of this .ggerfy of soundwaves

is in selecting material to mi§§§5
' N

a one inch thick acoustica]/%;ﬁe"OUTd be ineffective for

noise. As an example

X\
attenuating lTow frequency é%pm but would be very effective
Another example would be

bigher.

hggyier which would be very effective
N ; . . .
For noise having frequencies
(")
around the bag

against sound 1000 Hz<g$§

a 15 foot high noise

against sound 63 Hz>gw™higher.

of say 16 Hz, the sound waves would tend to go over and
Vehicle n;?E fahges from below 63 Hz to over 8,000 Hz and
tends to center around 500 to 550 Hz.

I-1-13
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Chapter 1-7
Noise Receiver Characteristics
I-2.1 A-Scale Sound Level
The normal human éar does not hear all the sound equally
at all the frequencies emanating from a sound source. In

addition, the apparent loudness from different sources,
such as jet aircraft and automobiles, differs considerably

as perceived by humans even though the overall level is %ﬁlp
the same. Kvm%‘
%‘Va

Sound level meters are designed to reflect the ear sr§§§;
response to the var1ous sounds. They are constructed
with weighting circuits that tend to represen?f{ e 7
frequency characteristics of the human ear for&&grqous
sound intensities. /(£5 \

Q,‘
The American National Standard Inst1tu§g (ANSI) established
a specification (ANSI S7.4 - 1971) th;wh1ch sound level
meters should conform {(Sketch I- 2{ ) The commonly 1den—
tified weighting scales are the" $ , and C. Whenever
these scales are used, the<§§;fﬁbﬂ {dB)} levels are shown

as dBA, dBB, or dBC.
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Sketch 1-2.1

Studies have shown that when people make relat

of the nuisance value of noise they most oftgigg

with the A-scale sound levels determined nyq
meter. The dBA scale is the standard for\Calt

work. 4&

The following Table I-2.1 111ust(§h s the soun
diesel truck at the various ties, the o
and A-weighted (dBA) levels <t3>
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TabTe I-2.1

Column 1 Column 2 © Column 3 Column 4
Octave SPL* 1in " A-Scale Corrected
Frequency Octave Correction Band
Band Band Term** Value***
(Hz) (dB) (dB) {dB)
31 ' 75 -39 36
63 78 -26 52
125 83 ~-16 67
250 84 - 9 75
500 80 - 3. : 77
1000 75 0 75
2000 72 + ] 73
4000 64 + 1 65
8000 55 -1 54 g&l“
Overall = 88.4 dB A-Weighted = 81.5 dBA fﬁszf
*SPL = Sound Pressure Level Qqs

O
**From Sketch 1-2,1 §§§§g_
***Column 2-3 <§E} |
| N
The overall 88.4 dB and A-weighted 81.5 dBAREEEs\caIculated.
These values could also have been determiqﬁﬂ using Table
I-1.1 and the procedure outlined in CgiPtEEQI-1.3.

P

For Caltrans' purposes sound levels ;%é’measured or expressed

in terms of all the octave fre.uéi%; bands in terms of dBA

so there will be a simple oqeﬂéﬁgﬁer system. The 1nformation_
and discussion on Table I-2j&$§aspresented to provide a basic

understanding of the sysiemF\-

RS

I-2,2 Noijse Descriiﬁ\r
5

A numbeyr of de’ﬁﬁiptors have been devised by acousticians
to rate noisg§§5’ﬁhe basis of such things as annoyance,
\\E term, long term and by statistical Tevels.

1oudness,x§$p
»'purposes the following descriptors are commonly

For Caltrans'®
encountered:
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Descriptor

Peak Noise

L]O’ LSO’ L90’ etc,

Leq

(sound level equivalent)

Ldn

(sound Tevel, day, night)

CNEL
{community noise equiva-
lent level)

The measurement, analysis and a

Definition .
The highest noise level emitted
from a source,

Statistical descriptor. Ljg 80 dBA
means the sound level of 80 decibels
on the A-scale is exceeded ten per-
cent of the time., Lgg and Lgg mean
Tevels are exceeded 50 and 98 percent
of the time, respectively.

The equivalent steady state sound
level in a stated period of time
that would contain the same acous-
tical energy as the time-varying IR
sound level during the same per10ﬂ»x

The 24-hour Lgg with the day‘{\j
period from 0780 to 2200 ho

The night (n) period is 200
to 0700 hours. A penalf {§b]0 dBA
is added to n because th}S is
normally the s]eep1Q§ time.

The 24-hour Ldn with é% additional

penalty of 5 dBAffom 1800 to 2200

because th1s,g§ “thé time for things
such as relaxat1on, TV viewing and

11sten1ngégpd ¢onversation.

Jcation of the various

descriptors will be covered 1§§§§>1n this manual.

K
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1—2;3 Human Respoﬁse to Noise

People react to noise in a variety of ways. Rock music, as
an example, can be pleasant, annoying, a health hazard and
can interfere with various activities. 1In a very general
sense, Figure I-1.1 shows public reactions to various noise
levels. . ' '

Human response to noijse depends on various factors as follows:

1) The level or intensity, frequency distribution, and
time pattern of the noise source. {Q
““\
Relating to traffic noise, a high Jevel is more 0bJECt1OEf§:?L
able than a Tow level noise, and intermittent tvruck peéE;
noise levels are more obaect10nab1e than a steady s@gte;

level. <3i>

Humans have better hearing sensitivities 1”{t<g:\v9h
frequency region than the Tow, This is rqf{ected in the
A-scale (Chapter I-2.1) which de- emphas12é§jthe low frequency
sounds. Studies indicate that the aq\P ance or disturbance

correlates with the A-scale. \\>!

,

The time pattern is 1I1ustrate Q\ an automohile horn at

2:00 a.m. which is more dlstﬁihﬂ g than the same noise
in traffic at 5:00 p m.‘q
2) The amount of bQ% ground noise present before the
intruding noise. Q§§)

ay,
People tend tﬁggg%pare an intruding ﬁoise with the existing
background. Ebg% . If the new noise is readily identifiable
or cons1derab1y higher than the background or ambient, it
-usually becomes objectionable. An aircraft flying over a
residential area is an example,

1-2-6



3) The nature of the work or 1iving activity that is
exposed to the noise source.

Highway traffic noise might not be disturbing to workers in
a factory or office but the same noise might be annoying or
objectionable to people sleeping at home or studying in a
library. |

I-2.4 Interference With Speech

Figure I-2.1 gives an estimate of the speech communication

that is possible at various noise levels and distances. aQ\ N
As an example, if the talker to listener distance is 20 RN \’~)
feet, normal commun1cat1ons can be conducted with the <§if3>
"background 1evel around 50 dBA., If the background 1 §§g

is increased to 60 dBA then the person must 1ncreasérx§§

voice level to communicate without losing 1nte11ﬁg;b1 ity.

I-2.5 Interference With Sleep / %
_ O

" The work of Thiessen and Oison* revealgﬁ tﬁ%% a tape recorded
truck passage wakened more than 50 pe3cent of the test sub-

jects when the peak noise reached,50 dBA. However, some of
the subjects did not waken wheqsggéypeak reached 75 dBA.
Other studies showed more f\ 0 percent of the test sub-

jects were wakened by a<§teady state noise of 35 dB and
that a range of 35 dB<ap ‘h1se levels was required to waken

"all subjects. | ?j§é§$)

*Th1essen,\G><&;, and Olson, M.; "Community Hoise-Surface
Transportatbon," Sound and V1brat1on Magazine, April 1968.

i
-~
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>

Simplified chart :?B shous the quallty of speech commmunica-
tion in relation to the A—weigh@ed sound level of noise (dBA) and the
distance between the talke?\hlgd the listener.

% .
¢3§§§§> Figure I-2.1
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1-2.6 Sound Level Differences

A person with acute hearing can detect an increase of

about 0.5 dB in the mid frequency range. MNormally, when
real 1ife sounds are heard it is possible to detect changes
of 2 to 3 dB., A 5 dB change is very noticeable and a change
of 10 dB is judged by most people as halving or doubling

the perceived noise level. An increase of 20 dB is per-
ceived as four t1mes as Toud. '

These subjebtive reactions to various levels of noise were
conducted under controlled laboratory conditions. ‘9\\\

I-2,7 MHoise Induced Hearing Damage

,\\.

The Federal 0ccupat1ons Safety and Health Act (OSHA)k

1970 established the f0110w1ng maximum perm1ssﬁ£ﬂe noise
N

EXPOSUPQS: . %\

Durations per day Sound teve1
{hours) : ({deE

% 100
CS> 105
AN 110
5 ng 115
. <:2 >

@(i\> - . .
This table is 1ntendﬁ to apply to industrial areas and

workers. In add,t1on, other requirements such as personnel
audiometrica ke . hearing protection and source monitoring

are also re&bwred

I-2-9
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Chapter I-3
Sound Propagation Fundamentals
I-3.1T Sound Level Reduction Due to Distance

Sound from a point source spreads in a spherical manner
away from the source. This spreading results in a sound
level decrease or increase of 6 dB for each doubling or
halving of distance. It is known as the "inverse square

.[aw“- v . QKA
The area of a sphere is increased 4 times for each doubjgéﬁi>_'
of the radius (distance)} as illustrated by the fo]]owfﬁ§\$;>

equation: NN
Area of sphere Ay = 4rRZ 4@%?5-
AV
Area of sphere A, = an(2R)2 Q‘“/\?‘\%
(double radius) &=

N
e

X

Example: Assume a source to receivéﬁ?distance of 50 feet

T

and a second receiver Q;isaﬁte of 100 feet.

\<§>.L

4‘ “

]

A 4w(50)2 =

G

1

T
(]
1l
I
=1
——
——
o
[}
o
™~
: /,?r»
-
—
™
[& ]
L'
o
fw)]
Y
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Sketch I-3.1 shows part of a sphere and another illustration

“of the inverse square law for a point source. -

point source

Sketch I<3.1

s

Doubling the distance increases the area from A to 4A. DN
ConverSely the sound decrease due to spreading is a los 2\4 -
factor of 4 in intensity. Two equal noise levels perhqe

an increase of 3 dB {Chapter I-1.3), therefore, 4 éaQa

levels will produce two 3 dB changes, or 6 dB. <339

{éggf

The spreading loss is affected by high frqué;E} sound
absorbed by air, which beconmes s1gn1f1canﬁ t)long distance.
Table I-3.1 Tists the drop-off rate of}p dB for a point source
starting at 50 feet and the add1t10nﬁ$~1oss due to air absorp-
tion is about 1 dBA per 1000 fee fstart1ng beyond the first
2000 feet. Eé%?

The equation used to constrés\béable [-3.1 is described

'approx1mate1y by the f01}0w1ng

Reduction

= d1§§§§%e in feet

reference distance at which this table was
established.

dBA R 20 Q%%E%O-J’ o001 *+ 600

for for
Pp>1000 D>2000

o
oo
il |

()
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TABLE I-3.1

REDUCTION OF A-SCALE SOUND LEVEL AT VARIOQUS DISTANCES FROM A
VEHICULAR "POINT SOURCE", RELATIVE TO 50 FT DISTANCE, USING THE
DROP-OFF RATE OF 6 dBA PER DOUBLE DISTANCE

D-1000 D-2000
(dBA REDUCTION = 20 LOG 50 l 1500 000
for
D>1000 D>2000
DISTANCE REDUCTION DISTANCE REDUCTION DISTANCE REDUCTION .

(£t) (ABA) (£t) (dBa) (£t) - (dBA) ,:><K~~

50 .0 237 . 13.5 1,100

53 0.5 251 14 1,150

56 1 266 14.5 1,210

60 1.5 282 ' 15 1,270

63 2 299 15.5 1,330

67 2.5 316 16 1,400

71 3 335 16.5 1,470~

75 3.5 355 17 1,54 ‘ .5

79 4 376 17.5 1 Glgj;> 31

84 4.5 398 18 1;59 31.5

8o 5 422 18.5 15770 32

94 5.5 447 19 . <1;1,850 32.5
100 6 473 19.5 N"1,930 33
106 6.5 500 20 Q§g;@,01o 33.5
112 7 531 20.5, 2,090 34
119 7.5 562 21 5&37. 2,170 34.5
126 8 596 <§1§§> ‘) 2,250 35
133 8.5 631 NG 2,330 35.5
141 9 668 NN 2,420 36
150 9.5 708 3 2,510 36.5
158 10 750 23.5 2,600 37
168 10.5 791 24 2,690 37.5
178 11 :é 24.5 2,780 38
188 11.5 25 2,870 38.5
200 12 <:§@t’ 25.5 2,960 39
211 12.5 - 1,000 26 3,050 39.5
224 13 vﬂa 050 26.5 3,140 40

& ,
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Highway traffic noise on High volume highways simulates

a "line source" and the drop-off rate of sound with dis-
tance approaches "cylindrical spreading®. The decrease

or increase for doubling or ha1v1ng of distance under this
condition is 3 dBA,

The area of a cylinder is increased 2 times for each
doubling of the radius (distance) as 111ustrated by the
following equation:

Area of cylinder AT = L2%R S
. RS
N
NS
Area of cylinder A, = L2w(2R) ,Qg\gd-
(double radius) ?§>Q;§

Example: Assume a source receiver distance of 50 f;\;§>

a second receiver d1stance of 100 feet@gnd tHe
Tine of vehicles as 500 feet 1ong.<: Sb;?

AN
1 500 x 2 x 7 x 50 = 157,08&:;}’

) 500 x 2 x 7 x 100 = 3%%,159

L)
\3/-

%%
10 log 2 Q§}

Sketch I-3.2 shows <:é f a cylinder and an illustration
of the inverse f1rs§3power law for a line source.

= =
" )
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1ine socurce

Q -

D

Sketch 1-3.2

Doubling the distance increases the area from A to 2A. CAY
Conversely the sound decrease due to spreading is a loss Q)
factor of 2 in intensity. Two equal noise levels prod c T

an increase of 3 dB (Chapter I-1.3).

4%

The additional loss due to atmospherics affects(@@e ine
source similar to the point source. Table 1437 Msts a

drop-off of 3 dB for a line source. 43‘% >
=
o)
The equation used to construct Table ggg.z‘is described
approximately by the following: QEZ_"
s
_ D D-m,o% (D-2000
DBA = 10 log 5 + [ = TH00 1
Reduction N
' ' ' for
Qh;% 000 D>2000

Under field conditio <:zpe traff1c rarely reaches an
idealized line souf?qs%

to the receiver-can so be affected by ground attenuation.
Therefore, a dQQB/OTf rate close to 4.5 dB may be more
realistic fngzhﬂny conditions. Table I-3.3 is presented
for the 4, S\HB drop-off rate.

d the propagation of traffic noise
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TABLE I-3.2

REDUCTION OF A-SCALE SOUND LEVEL AT VARIOUS DISTANCES FROM A

VEHICULAR "LINE SOURCE,"

DROP-QFF RATE OF 3.0 dBA PER DOUBLE DISTANCE

RELATIVE TO 50 FT DISTANCE, USING THE

_ D-1000 D-2000
dBA REDUCTION = 10 LOG * \ o0 _ 500~
for for
p>1000 D>2000
DISTANCE REDUCTION DISTANCE REDUCTION DISTANCE REDUCTION

(ft) (aBA) (ft) {dBAa) (ft) (dBAKK«
50 0 398 9 2,340 ?’
56 0.5 447 9.5 2,480 1

63 1 500 10 2,630 <:g

71 1.5 562 10.5 2,780 QSSP

79 2 631 11 2 93o<§%? 20 5
89 2.5 708 11.5 3,080 21
100 3 794 12 3'ﬁ§h 21.5
112 3.5 891 12.5 <§{5 22
126 4 1,000 13 2 30 22.5

141 4.5 1,100 13.5 <§ 690 23
158 5 1,200 14 ,13 850 23.5
178 5.5 1,310 34 5?\ 4,010 24
200 6 1,420 N 4,170 24.5
224 6.5 1,540 15§%7,f 4,330 25
251 7 1,660 16 N7 4,490 25.5
282 7.5 1,790 q 5 4,660 26
316 8 1,920 4,830 26.5
355 8.5 2,060 17 5 5,000 27
2,

2oqé§§>
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TABLE I1-3.3

REDUCTION OF A-SCALE SOUND LEVEL AT VARIQUS DISTANCES FROM A

X

VEHICULAR "LINE SOURCE," RELATIVE TO 50 FT DISTANCE, USING THE
DROP-OFF RATE OF 4.5 dBA PER DOUBLE DISTANCE
D D-1000 D-2000
dBA REDUCTION = 15 LOG £p + “Tﬁﬁﬁ_ +:|“Tﬁﬁﬁ_
for for
D>1000 D>26000
DISTANCE REDUCTION DISTANCE REDUCTION DISTANCE REDUCTION .
(£t) (@BA) (ft) {dBR) (Ft) (dBA)
. Ny
50 0 316 12 1,670 23.5§§§>_'
54 0.5 339 12.5 1,770 24.\§§> A
58 1 367 13 1,880 N@é%; '
63 1.5 397 13.5 2,000 “§3Q>_-
68 2 428 14 2,090 : <§?525
74 2.5 463 14.5 2,190 - 26
80 3 499 15 2,290.><33?~26;5
86 3.5 538 15.5 2,400“3§>_” 27
93 4 582 16 2,500§§>, 27.5
100 4.5 629 16.5 2610, V- 28
108 5 676 17 5,720 28.5
117 5.5 731 17.5 ,Q;2,840 29
126 6 790 18 2,960 29.5
136 6.5 847 18,5 3,080 30
147 7 922 19 o 73,200 30.5
158 7.5 998 19 5\55. 3,330 31
170 8 1,070 gd§§> d 3,460 31.5
184 8.5 1,140 ONG 3,590 32
199 9 1,215 <§§§y?* 3,730 32.5
215 9.5 1,290 <§§2 .5 3,860 33
233 10 1,380 Q 22 3,990 33.5
251 10.5 1,4104§i0_ 22.5 4,130 34
270 11 1,57 ié 23 4,270 34.5
292 11.5 ‘ 4,410 35

-,
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The equation used to construct Table I-3.3 is described
approximately by the following:

D

D-1000 DN-2000

dBA = 15 Tlog 0 + [rmmrm—] + [
Reduction 50 1000 7000
for for

D>1000 D>2000

The following discussion illustrates the application of
the change from a point source to a Tine source as related
to highway traffic noise. Figure I-3.1 shows a situation

with a point source (1 vehicle) and the 6 dBA decrease in ~
noise due to a doub]ing of distance. Qi%i}
2
Figure I-3.2 shows a hypothetical situation with a 11ng§m\
vehicles,. The calculated noise levels indicate a g ‘*f

rate for doubling of d1stance of 3.5 dBA from 50 to 0 feet
3.1 dBA from 100 to 200 feet, 3.5 dBA from 200,ﬁ%>400 feet
and 3.8 dBA from 400 to 800 feet. Note that rop-off
for this "line source" starts at 3.5 dBA, del;ggses, then
increases to 3.8 dBA.

It is assumed that if the vehicles é%ﬁisﬁéced very closely
together, the 3 dBA drop-off willlbe ultimately attained.
The significance of this disc éé%B ‘is related to control
noise prediction which
on II.

of noise in highway design &h
will be covered 1ater in S§g

\

I-3.2 Atmospheric Eﬁi?%;s'

noise levels QEQ"E relatively short distances from the
highway toqki djacent residents. In some instances, short
duration, in

| R |
Atmospheric effgfégigzldom have any significant effect on
. ) 2

ermittent or temporary atmospheric effects can
be significant but these are not counted for steady-state
noise control.

—
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CALCULATED A-SCALE SOUND LEVELS AT OBSERVER POINTS
A, B, C, D, AND £ FOR SOUND SOURCE AT POINT 1.
SOURLE PRODUCES SOUND LEVEL OF 80 dBA AT 50 FT

DISTANCE.

Figure I1-3.1

—————————————— |’___._-_...——-——_.——_
A 50 ft
B J 100 ft
ur
=
=
= ¢ 4 200 ft
o <3
HOT TO SCALE = C:EQS
[+ 4
w -
. = 0 L 400 ft %
(1% )
2 T QNS
: &>
)
s
£ J. 800 ft
N
ol
Total Differpice, .
Seund Level Drap-of] rLF{T{:c\_;e.
Point (dBA) (dBA/DOR>,
)
A 80 ::::}<%§E)
° ,_\,S\& o
¢ 68 >
5&::;§ 6.0
D i; :\
6.0
£ ND o

4§3
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Sound traveling with the wind is bent down to earth and
sound traveling against the wind is bent upwards above
the earth. Irregular, turbulent or qhst wind causes
fluctuations in sound transmissions.

Rain, fog, hail and snow will wet the pavement and cause

an increase in tire noise. However, this may be compensated
by vehicles being driven at a s]ower rate of speed under
adverse weather cond1t1ons.

Temperature gradients can bend or reflect noise back down
to earth, These usually occur at large distances (over a Eij{>

half mile). ::S>
X

Molecular absorption of sound energy at a given tem%£&§£$re
of 60°-70°F and 60-70 percent relative humidity js\E&gwn on

the following Table I1-3.4. - (Q’S?

Table I-3.4 /\\5"

Octave Frequency Abs%gptign Rate
Band (Hz) (dB» r 1,000 ft)

31-250 %" _
500 %
1000 ‘ ]
2000 @

PN W -0
. + ® g
By O e~y

4000
-8000 ®

Tables 1-3.1, I-3. 2 :F¢ M -3.3 show the approximate correc-
tions for mo]ecular absorpt1on for distances over 1,000 feet

- based on Table LﬂB 4
NS
N\
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1-3.3 Effects of Trees and Vegetation

Trees and shrubs usually do not provide any significant
reduction in noise unless they are very high, very deep,
provide no visual path and are evergreen. However, trees
and vegetation have aesthetic and psychological value and
can provide some attenuation.

Extensive fields of crops such as corn, wheat and other
vegetation as well as freshly plowed fields can absorb

sound waves near the ground. However, these may not be 2
. . 5
permanent and therefore no attenuation credit should be E;%t?
given in these cases. éf\xi*
. PR zh\}

Ny
Section II of this manual provides the conditions uhe\

attenuation due to trees, vegetation and ground condliﬁons
may be used for pred1ct1ng or mitigating no1seq

I-3.4 Building Noise Reductions G;i\;E

Buildings act as a barrier and can pro@ﬂde noise attenu-
ation. Section II of this manual deﬁlpﬁs the conditions
where reductions of noise due to<buildings may be estimated.

| NV

Noise Tevels are reduced fz§@<§géoutside of buildings to
the inside even if the winddﬁ is open. A significant
reduction is noted wheﬁ\,he window is closed. The Federal
Highway Program Manu'ﬂ HPM) 7-7-3 shows allowable decibel
reduction from out51 efto inside of buildings for various
conditions, Th%§\1nf0rmat1on is in Section II of this manual.

1-3-13
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Chapter I-4
VYehicle Noise

I-4.1 Heavy Trucks

The FHWA model for noise prediction and barrier design,
adopted in July 1979, defined heavy trucks as those vehicles
‘having three or more axles, designed to carry cargo and
generally weighing 26,000 pounds or more. The "average”
noise emission leveis for heavy trucks are speed'dependent

and are defined in detail later in Section II of this ANy
1 iﬁ%g?
manual. ™~ e

Moise sources for trucks are from such things as theﬁ%ﬁ~§s,
engine, exhaust and intake system, cooling fan, traéégﬁs;ion
and muffler, The dominant noise for diesel tnuéQS'prior to
1978 has been from the exhaust system, tires/ﬁfﬁ the cooling
fan. It is expected that the tire and engjggfkbise will
become dominant as the Federal regulationgﬁgﬁﬁterning truck
noise become effective; However, exhé@st noise will con-
tinue to be a primary noise source fRQT}é'barrier design

standpoint. :<§%?

Prior to 1978, diesel truc55£<§§?exhaust stacks that were
as high as 13 feet, engine Bﬁ‘“coo11ng fan noise centered
around 4 feet, and tire~hoise at the pavement surface.

. S
The centroid of these gjise sources, commonly used for
prediction and mitiéé%&on, for heavy trucks is 8 feet

" above the ground.

1-4-2




) Frequency aha1ysis of noise from the individual noise
sources indicates that all except the tires generate low
frequency (below 500 Hz)'noise. Tire noise is predomi-
nantly above 500 Hz., Figures I-4.1 and I-4,2 illustrate
a hypothetical case of the various frequency and sound
Tevels from individual sources and the heights of the
sources above the pavement.

‘Studies were performed by the National Bureau of Standards
on noise generated by various types of truck tires on
smooth concrete and “textured® asphalt. Figures I-4.3

and I-4.4 show the types of tires used and the noise ,&i@ﬂ
levels at the different speeds. A

. N3

o . DX
The data indicated the pocket retread tire was the angQgst
and the rib tires were the quietest. 1In general, f&;<§?ead
designs, such as the pocket retread, trap air iqgghe cavity
as the tire makes contact with the pavement. FheAir is
compressed and pops out as the first escapezggﬁte appears.
The rib tire design allows the air to escgggihnd therefore
is quieter, : : K. e

<S;“ ;-

Grades affect truck noise and so %?corFéction is suggested

for heavy trucks going uphill.

detail in Section IL. <§§§§;>_-
1-4.2 Medium Trucks 'Cgib o

The FHWA defines mqé%i@l rucks as those vehicles having two

"is discussed in more

axles and six whge‘§§)designed to carry cargo and generally

weighing betwaéiﬁio,ooo and 26,000'pounds. Hloise sources

for these tn are generally the same as for the heavy
trucks bufi exhaust is usually below the engine.

rF_ N
e
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For prediction and mitigation purposes, the centroid of
the sources is set at 2.3 feet. The "average” emission
levels for this class of trucks are speed dependent and
are defined later in Section II. -

Studies performed on the emission level of trucks indicated
the medium trucks exhibited different noise levels at the
various speeds as compared to the heavy trucks. Therefore,
this special category of truck was developed for noise
prediction and mitigation purposes.
I-4.3 Automobiles (géslx
‘ S
: N
The FHWA defines automobiles as those vehicles having (%§§>
axles and 4 tires, designed to carry 9 or less passenééns
and/or cargo {pickups) and generally weighing less'™ )
10,000 pounds. Noise sources for automobiles ef%ygenera1]y
the same as for the trucks but high frequency 1xe noise
predominates. Therefore, the centroid of the\p ise sources
for prediction and mitigation purposes 1s\set’at the pave-
ment surface. Automobile noise is spe@ﬁ dependent and is

defined later in Section II, <§5}"

Automobile noise is about 15 ds@é%%%s than heavy truck
noise. However, automobilem is an important source
because there are so many dfighem

Pavement surfaces afféég%ere noise and hence auto noise
but this variable Q;§§§d1ff1cu1t to quantify that no
adjustment in n01seQ3eve1 is made due to pavement type.
Also, pred1ct{\\s\for noise levels used in environmental
reports are ngaected about 20 years into the future and
no accurate estimate of pavement type or condition can be
made.,

1-4-6



""Field test results from a FHWA study indicated open graded
asphaltic friction courses generally produces slightly lower
noise Tevels than asphalt coated dense graded surfaces,
portland cement concrete, or chip seals. A 1973 Plymouth
station wagon using various tires was used as the test
vehicle.
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Chapter I-5
Sound Measurements and Instrumentation
I-5.1 Sound Level Meters

A11 sound level meters (SLM) used by the California
Department of Transportation (Caltrans) shall be Type

I or II as defined in the American National Standafd
Institute (ANSI) specification S1.4-1971. The Type I has
a nominal accuracy of about * I,dBA at 1K Hz and the Type
IT about *+ 2 dBA at 1K Hz. «%

&3
A tripod is recommended for the SLM because it allows the‘\
operator to stand away from the meter and leaves his Qggb
QKO

free for note taking. (EE?
1-5.2 Calibrator - (§'§7

A calibrator is a standardized noise souhsﬁifpr"conducting
an overall systems check and calibratiaon of 4he SLM. Each
manufacturer of a SLM has a ca11bratog?des1gned specifically
for_an individual microphone. M1smatqhed calibrators can
resylt in errors or damage to th mccrophone. Calibration
should be performed using a 1 I% z signal.

, ] W
Calibrator output is affgcted'by changes in atmospheric
pressure, Manufacturen?iprov1de correction curves for
calibrator use at otQ\)_ han standard atmospheric pressures.

I-5.3 High Imne%ince Headphone
It dis suggé§§§%'that a high impedance headphone be used to

listen for such things as wind and internal or popping noise
due to-a wet microphone.

I-5-2



"145;4 Windscreeris

Windscreens are generally of spherical or cylindrical shape
and made of formed polyvinyl, open-celled polyurethane or a
silk covered grid. The screen fits over the microphone

and helps to protect as well as minimize wind noise.

Measurements can be made in winds up to 12 mph with a wind-
screen., It should always be used when making field measure-
ments. '

I-5.5 Graphic Level Recorder - <§$\
\ Q)
A graphic level recorder facilitates noise measurementS\\E;3>
by providing a trace of the noise level on graph papeﬁgié
for a permanent record that can be analyzed at a ]é%%k&
date. The data can be reduced manually and ca]culatlons
performed to obtain descriptors such as peak, é%QMand L eq
' )
RN
I-5.6 Alternative Sound Measuring Instrumeﬁjs
L

Sound level distribution analyzers (np 1se classifier types)
are often used for monitoring hi
They are especially useful for

hway\or community noise.

*term measurements, One
disadvantage is that they sam&§ﬁ>_11 noise and are not able
to eliminate airplanes or 53 g dogs when traffic noise

is the on]y interest.

The distribution ané%i%%rs provide a mechanical and

electrical means fo\,obta1n1ng a large sample which can

be converted mé%’ 111y or by computer to descriptors such

as L10 and L%h -There are also fully automat1c instruments
that prov1deb ard copies of the test data as well as
calculate such things as peak, L.[0 and Leq vq]ues

I-5-3
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'I-5.7 " Accessory Equipment

Sometimes, a wind speed indicator accurate to *+ 10% at

12 mph and a s1ing psychrometer for méasuring humidity
and temperature may be desired. Microphone operation may
be affected when relative humidity is not between 10 and
90%. Other items such as a stopwatch with sweep second

- hand, data sheets and spare batteries may be helpful.

Caution: The operator should be familiar with and always
have a copy of the manufacturers instructions with each 2
sound measuring instrument. : fiyvzm

I-5.8 Quality Assurance <f§39
A1 1nstrumentation used for noise measurements éhéﬁ%?%%;

checked periodically and calibrated. Permanenééi?vords

showing this work should be maintained, (;%b_w

- | S
The procedures for performing the ca]ibra%ﬂﬁj}are shown
in Appendix D. &

_ %®
N
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" 1-5.9

1.

Suggestions for Noise Measurement
Check batteries and calibrate thg SLM before each use.

Make measurements during "noisiest" traffic periods
when possibie.

Use the SﬁM's A-weighting network.

Remeasure ambient noise several days later as a check

(same time of day at same Tocation). 2
?>\
el
Avoid measurements in high winds, rain or high hum g{gg

Make outdoor amb1ent measurements at upper f]od?%S}

Keep microphones covered at all times (us1\g rotective
Q\\P

cap or windscreen). Never touch the dE?phragm.

10.

11.

12.

13.

/‘\\‘A N
e

Always use a windscreen during oug?ooﬁiheasurements.

. . AN
Orient the microphone accord1ngng’manufacturer’s

instructions. <f3%?

State all noise ]eve]géggb erms of a descriptor and
weighting factor \ = 72 dBA).

Q
Always carry s ééégbatter1es for the SLM and calibrator;
spare pen and EgPe for the graphic Tevel recorder.

Treat ak q¢se ‘measuring instruments as delicate
elect;ﬁh\ ‘equipment,

Document all noise measurements with complete informa-
tion as to location, time, personnel, instruments used,
etc.

I-5~5
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Chapter 1-6
Field Measurement and Analysis
I-6.1 Selection of Sampling Time

Design ﬁoise levels in the Federal HighWay Program Manual
(FHPM) 7-7-3 (Appendix IIB) are based in part on the design
(peak) hourly traffic volume. Sound measurements should
therefore be made near or at the design hourly traffic
volume. However, the period with the highest sound levels

) . . <
may not occur at the design hourly volume. This cond1t10n13;§sﬁ
may occur when traffic volumes are lower but the truck (€f5§§2

. N )

percentage i1s greater, <§§§$%

A
'If measurements are made during off-peak traffic, §§EB>_
ematically adjust the sound level (Leq) S0 that<%he
highest (peak hour) sound levels are reported§§§§éd on
peak traffic data. The calculations to pgf%&hm'this
adjustment are explained in Section II bégﬁéﬁé familarity
with the prediction model 1is necessarﬁ}.-'g

Measurements are very rarely mad'l'of'h full one-hour
period, but "samples" are tak ﬁg%y represent this period.

I-6.2 Measurement Locatio§§£ﬁﬁbient and Traffic Noise)
. -

Sound level measurem ”%5 are usually made so that they

are representativeﬁ%}xihe receiver(s) involved in an

activity. An eéqmpTe is noise measurements in the back

yard of a res*ﬁaﬁ)e. The fence line is not appropriate

but the pgf%?éSﬁn the middle of the backyard or around

a barbecue ﬁit, could be representative.

I-6-2



It is difficult to establish a precise location for measure-
ments in a picnic or recreation area and in school play-
grounds. Judgement has to be exercised to assure that

such sites are representative.

The sound level meter microphone should be kept at least
4 feet away .from buildings or structures.

1-6.3 Leq Determination by the Manual Check-off Method

The sampling program described below provides the proce-

dure for determining the equivalent sound level (L ). EK«
eq AN

Figure I-6-1 shows an example worksheet for recording no1&q§ri

data. \

a) A1l information required on the worksheet shouf\YB
entered. The column to the left is divided 1nt0 1fty
1-decibel increments, marked in five sets of OagkxfEntor
the appropr1ate 10 dec1be1 intervals 1in front ﬁ each
"o", 1ncreas1ng from bottom to top. Keep‘ﬂﬂ nind the
expected range of noise levels to be mggsured {(Figure

1-6.2). | %,

b) The SLM microphone is set(%é%&p 5 feet above the
ground, It neéds to be set > ripod and located not
Tess than 4 feet from any f\q\e ting surface. There may
be instances where measugements are made at heights ogther

than 5 feet (i.e., up f? ‘tory of residence). This
information shou]d s be noted on the worksheet.

c) Genera’ll%b ﬁe meter is set at “"slow" response.
However, {i? \s1ve or peak noise values are needed,
fast respons Qﬁ%y be preferable., Judgement shou]d be
exercised as to which response to use. Always use the
"A" weighting network.

I-6-3
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~ TRANSPORTATION LABORATORY
NOISE SECTION

District Co. Rte. P.M.
Test By ___Date’ . Time _____ Mind Speed’
SLM Mfg, Serial No.___ CaTibrator Mfg, Serial No.
Site ‘Sketch | Traffic Count ° Speed
Autos
Medium Trk
Heavy Trk
Comment
- )
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a I
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Figure I-6.1 sample Sound Level Measurement Data Sheet
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CALIFORNIA "DEPARTMENT OF TRANSPORTATION
TRANSPORTATION LABORATORY
NOISE SECTION

NUMBER OF OCCURRENCES

Figure 1.6,2
I-6-5

Sample Sound Level Measurement Data Sheet

‘District ' Co. Rte., . P.iM.
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d) Calibrate the SLM according to the manufacturer's
instructions.

g) Read the SLM every ten seconds {(this is an instan-

taneous reading at 10 seconds) and place a check mark in
the appropriate decibel level box and also a check mark
along the bottom row to keep track of the number of
measurements recorded (Figure I-6.2).

A method of identifying any unrepresentative sound sources

which may influence the measurements is to use a Tetter

code for different sources. Instead of a check mark on x3§§3?
the work sheet, a letter corresponding to a particular “Qx¢33
source causing that sound level is used (i.e., A- airpiéé%%?
J-jet, D-dog, etc.). Usually, these extraneous sound

sources are not included in the data collection or ;Qa ysis
process unless they are a normal part of the no1g§)

environment of interest. ‘*>
/’{\

' RN
f) After fifty measurements, a va11d1ty\tgst is per-

formed to determine if an adequate saﬁgie has been taken

‘to represent the peak hour traffic no\fe at a 95 percent
confidence level. If the cr1terf&3?1s met, the measure-
ment program is complete. Othe ise, another fifty measure-
ments are taken and a test 1‘\59‘11 d to the one hundred
measurements. Q£§§>

The following va11d1t<z3§st is based upon a 95 percent
confidence 1nterva]ﬁ&$& Te I-6.1) and was originally
developed for use in LiO determination.

O
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Table I-6.1
95 PERCENT CONFIDENCE TEST SAMPLE TABLE FOR L'IO
Total Ho. - Upper L Lower Allowable '
of Samples Error Limit 19 Error Limit Skewing
50 “1st Sample . 5th Sample 10th Sample None
100 4th Sample 10th Sample 16th Sample One i
150 7th Sample 15th Sample 23rd Sample One )
200 T1th Sample 20th Sample 29th Sample One
250 15th Sample 25th Sample 35th Sampie One
300 19th Sample 30th Sample 41st Sample One
350 Z4th Sample 35th Sample 46th Sample One
400 28th Sample 40th Sample 52th Sample One
Note: The 95% confidence 1s met if the Upper and Lower Error o 'Fw\x\?
Limits are within 3 dBA of the Lyp Level. RN
. L A

Count down from the top of the data sheet {from Jef
right) and circlie the data samples given in Tab?e‘; 6.1.

For example, after 50 samples have been record&@ the 1st,
5th, and 10th samples are circled. Thesggfhmpﬂes constitute
the L10 flanked by the upper and ]ower errdy. Timits., 1If

the 1st and 10th samples are each w1t§fn 3 dB of the 5th
sample, the measurement program is Spriete. Otherwise,

an additional 50 samples must b <Erserved and the validity
test is repeated. An examp1Eﬁ~§§§1ven in Figure 1I-6.2.

The criterion is met in thl§§§> smple.

If 100 or more samp1es§$§\9 been taken, a process called
"skewing” is allowed. y this process, the two outer test
samples (the erroﬁﬁiy-¥ts) can be shifted by one sample
(not one w1nd0\ﬁafboth in the same direction (Table I-6.1).

R

1-6-7

()



For example, if the criterion is not met after 100 samples
by testing the A4th, 10th and 16th samples, the criterion
can be tested with the 3rd, 10th and 15th samples or the
5th, 10th and 17th samples. Although this skewing proce-
dure will not change the L-IO value - nor will it change
the number of samples between the upper and lower error
1imits - it can sometimes provide the necessary accuracy
without requiring further sampling. - However, if the
criterion is still not met after skéwing, then another

50 samples must be taken, and so on.

e
q) The Equivalent Sound tevel, L _, is defined as: Q%;%?
’ Teq AN

: I
Leq = 10 Togyg [+ z 10(Lks710) ¢ <§§§§§

where Li is an A-wejghted sound 1eve1(§§£§§§§i in
~decibels. TN

oo

The Leq can be evaluated after the klg%Vg1idity criterion
is met using the data collected on Figyre I-6.2 and the

computational worksheet shown ii: jgure I-6,3, as follows:

I-6-8



 CALIFORNIA DEPARTMENT ‘OF TRANSPORTATION
TRANSPORTATION LABORATORY
~NOISE SECTION

‘ CDistrict Co. Rte. P.M.
Calc. By Date -
Comment -

SQURD ’
LEVEL RELATIVE RELATIVE TGTAL
ae (A) couoyt (BY  sounp enerer (C) sounD EWERGY () )
e e - lao X 100,000 =
D . EE] X 79,400 =
EE] % 53,100 =
57 X 56,100 =
5% X 39,800 =
35 X 31,800 =
T % %3.100 =
I TR ] X 20,500 = W
32 X IS, 900 =
71 % 17,500 -
ED] X 10,2480 =
49 ® 7,340 =
33 X 8,310 =
g/ X 2,010 -
78 ® 7.940 =
13 X 3,150 =
EY % 2,550 =
a3 x 2,000 =
32 X 1,535 =
3L X L,<60 =
30 % 1,000 S
i) % 794 =
T8 X 531 =
i1 X 501 =X
7B X N 398 = )
73 X 318 = SN d
74 X 357 = NN
73 % 200 = AN NN
72 X 159 EEENEEN -
71 X 128 E2VENRY
70 X 100 =N N, Y
£3 = X 7974 R Y - 1y 2
[E] \ & X 53,1 = ) =1+
EXi {1 X 50.1.5 = 551
1 ) % LN 318
55 5 < L6~ s = iS58
LT 4. X D T, = 100
53 1 X 30.05 = Z0
52 : x T 15,3 =
‘ P 1 X SaNK12.6 =
R R R R T et D iR X NS T0. 0 = - Wiy
’ ' 53 X P ) 7.94 =
59 K NS N B.31 =
57 S ANND 5.0 =
t% N 3.98 =
55 oo 3.16 =
54 RN X 2.51 =
EE) ~~N % 2.00 =
52 TaN oK 1.59 =
51 NN S X 1,28 =
50 N X L.00 =
43 TSNS X L7194 =
43 SNy X .o..l =
T7 " R X .501_ =
* 18 7ol - X .358 =
45 _~mam X L2153 =
TN S X d5L__ =
AR N X .200__ =
o /62\\\}\) X i5g =
X s =
ExamETe :‘;:; M S 100 =
= 50 . I= 2554
“Sum B 50 - Leq is determined by finding
—_— A
Sum D 2554 : the closest value for Sum D/B -
Sum D/B in Column C and reading the
Leq 1 Sound Level in Column A
RPN ER .};\v_. - :
UY‘E “I- 6 3 ;_"*l.eq Computatwn Horksheet
I-6-9
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STEP PROCEDURE
1 Enter number of checks per sound level in Column B.

2 Multiply the counts in Column B by the relative
sound energy factor in Coiumn C and enter the
result in Column D.

3 Add all values in Column B to determine Sum B (50),
~add all values in Column D to determine Sum D (2554),
and divide Sum D by Sum B (2554/50 = 51),

4 Locate the value (51) in Column C that is approx1—¥Q§§3

mately equal to Sum D/Sum B. The correspondwngQ§§S§5

value in Column A is equal to Leq' d%sb

The relative sound energies in Column C were deﬁ% ed by
taking the antilog of SPL/10 and mu1t1p1y1ng( he: resu1ts
by 107 -5 to keep the values manageab]y sma11«

h) Remember that the measured Leq 1s4¢he L eq for the
measurement time period only. For er\mple, if 100 samples
were taken before the criterion was met, then the noise was
sampled over 1000 seconds (appr-\s %e]y 17 minutes). The:
Leq pertains to that 17- mlnute‘\b iod only. For this
reason, it may be des1rab]e\f5 co]1ect further samplies, to
extend the total time p “‘od The accuracy depends only
upon the number of sa p es taken, Therefore, if it is
desired to sample ong}_ longer time period, the sample
interval may bgcfhgnged to 20 or 30 seconds, to save work.
In this manne ‘éﬁsmal1er number of samples will be spread
uniformly ove €§}

tonger time period, that might more real-
istically b;\said to typify the measurement site.

1-6-10




i) T In fﬁe'ékamﬁﬁé shown in Figure I-6.3, the Leq is 67.

- Another way to calculate the Leq is shown on Figure 6.4,
The same set of raw data on Figure I-6.3 is transferred to
Figure I~-6.4, Column A (sound level) and B {count). The
10 Tog N and dB sum addition calculations were covered

in Chapter 1. Calculations can also be performed using a
calculator.
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1-6.4 JDa}-HﬁghtﬁSdund Level Calculations

Day-night sdﬁnd levels can be,obtained for each hour of
the 24 hours and then energy-averaged.

Hourly Sound Level Measurements

Examp]e: To determine Ldn from hourly measurements
(Table 1-6.2). )

1. For daytime (0700-2200), determine the number -K
of hours represented by each daytime equivalent sound
level (Leq) and enter this value in Column B of Figure {\

I-6.5. ' . £\$?
_ QiSp _
2. For nighttime (2200-0700), detarﬁine the nuwiber

of hours represented by each nighttime equiva]eh.tgound

Tevel plus 10 dB (L +10) and enter th1s vakg {n> Column

B of Figure I-6.5. ?\5_ ’

3. For each sound level band \fghte 1-6.5, Column A,
multiply the number of hours in Columg-B- by the corresponding
value in Column C. Enter the re§3$3 in Column D.

- o \5\\>

4, Add all the valu ézi igure I-6.5, Column D to
~obtain the Sum D. D1v1de Sum>D by 24, Locate the value
of Sum D/24 in Co]umn<\%>nd note the corresponding sound

level in Column A is the day-night sound level L, .

@\%

- 1-6-13
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Table I-6.2

EXAMPLE: 24-HOUR SURVEY FOR Ldn DETERMINATION

Time of Day

0700-0800
0800-0900
0900-1000
1000-~1100
1100-1200
1200-1300
1300-~1400
1400-1500
1500-1600
1600-1700
1700-1800
1800-~1900
1900-2000
2000-2100
2100-2200

2200-2300
2300-2400
2400-0100
0100-0200
0200-0300
0300~0400
0400-0500
0500-0600
0600-0700

Hourly

Day

INI\Jw—-'-Ih--—lI\J

—_—
o

48*\ 153

/,?\%\

*10-decibel penaF£$§§Dare added to

S

these nighttime values

R
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CALIFORNIA DEPARTMENT OF TRANSPORTATION
TRANSPORTATION LABORATORY
NOISE SECTION

District Co. Rte. P.M.
Calc. BY ' ' Date -
Comment ~ -
souND - -
LE v**z. o RELATIVE RELATIVE TCTAL
aa (A) cotnr {B) sounp enexgY ( C) sound ENERGY { [} )
130 Day Night «x 100,000 =
39 g % 79,400 =
EE] X FEINDD =
37 X 59, 100 =
) 35 % 39,300 =
NEE x 31,600 =
. Ery % z3,100 =
B RRTOTE PUPNEE C SRR T, v L 1 N - X 20,000 = O
LT B EH X 12,900 =
I1 x 12,500 =
39 X 10,300 =
EE) x 7,340 =
EE] X 5,310 = _
87 X 5,010 = _
86 % 3,980 = ) .
EE) ¥ 3, la0 B .
33 % 2,550 = ,%
33 X 7,000 = :
32 3 1,930 = \% MP}'E
EX x 1,260 = [ A
20 X 1,000 = AN I
59 X 794 = AR
78 X 631 = S5 NNYT
77 X 531 = AT
70 I3 398 = A ° e
73 X 315 = )
73 % 251 = AR
73 % 200 = N
72 X 159 T *10 dB
T % 1335 CRA NN 4 penalty
70 100 T~ .
€5 s I A added to
53 X ggi =57 nighttia:
EXi X LA =
%8 T x T T8 i) values
%5 % D A : .
L1 [ X 0 ) 50
CE] ) ® 20.4 5, =
52 Uity [ Al X g . 15.3 = 95
. . gt 6l x oy <L2. 8 =
o TS T bt i B e R N S ¥+ - T 1 X [N ) = 20 -
53 X o ) 7.94 =
58 Ul el XA Ay ow 6 31 = 50
97 R AN NS 5.91 =
£¢ i RN 3.98 = =1
55 e - 3.16 =
54 1 [N 2,51 = S
53 S 2,00 =
37 oy Ny X 1.59 =
5L RN % 1.26 =
S0 AN N W X 1.00 =
. : 13 T Py L ® 73T =
. : 48 Now h X AEER =
‘ 37 ” N X .50 =
* 46 o X EEE =
[FIRNESY X 313 =
SN O 3 2251 =
S N x -200 =
TERT X 159 =
TS X 148 =
137 ) SLon =
< ) = 24 I= 308
' Leq is determined by finding _
the closest value for Sum D/B
in Column € and reading the -
2 Ldn Sound Leve] in Column A '
-, -,k.— .'#w‘*».ﬂ-”w A DT -'w..i-.. A e
Leq Computat1on Norksheet
I -6-15 ‘ : : -
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. I-6.5 L Determination Using A Graphic Level Recorder

eq

To determine Leq from a continuous graphic record of sound
pressure level (SPL) versus time (Sketch I-6.1), pick points

at absolutely regulayr time intervals along the plot., The
closer together the points are picked, the more accurate

and repeatable the-Leq determination will be.

For the sake of convenience and consistency, a time interval
should be chosen which coincides with the preprinted vertical

1ines on the graph paper. The time interval represented by

these lines will vary depending on which paper speed

setting is being used Where the 1ines are not prov1ded,
they should be constructed on the graph paper with atteng\

tion to accuracy.

The SPL values picked from the graphic record can beinter-

Q&

preted using the same methods employed in the. d egk -off
method discussed previously. For samp11c1tyf%he
can first be transferred to the FHWA "Sound ;;§;1 Measure-
ment Data Sheet" (Figure I-6.6) thereby arrang1ng the data
for ease of analysis. The L eq Comput§ﬁ1on Work Sheet

(Figure 1-6.7) is then used to determ1we the L

eq’

e SPL's

The

example does not show the app]10 jon of the accuracy test

due to the limited data. {:3>
, (\\

S 4
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Example

CALIFORNIA DEPARTMENT OF TRANSPORTATION
TRANSPORTATION LABORATORY
NOISE SECTION

District Co. . Rte. P.M.
Test By Date Time Wind Speed " e
SLM Mfg. ‘Serial MNo. Calibrator Mfg. Serial No.
" Site Sketch “Traffic - Count Speed
Autos
Medium Trk
Heavy Trk
Qomment
[=]
B
7
[
5 ‘:_-5
% \t:»
1 5
g
9 L
2] .
7 5
[ ‘\-\‘
E Y ¥
1 ™ " Z
20 Pe - L
g
8 [ 7
7 i b
[ [ ~ 7
5 [ el — 2.
4 P . 2
k] P s i
2 1
1 ol f ] ] 4
[<Xv 2] ] ] B %)
P i L )
o 1 ,
[ NI B
[ ~,
4 ] !
] I i
2 -
1 N
) Y
9 N
: 1
7 =
5] R
5 .
- i RS
: =
2 - -
LEVEL -‘\\‘?,\ Total
(dBA)LLL
10 20 30 40
NUMBER OF OCCURRENCES
N
-

Figure I-6.6 sample Sound Level Measurement Data Sheet
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CALIFORNIA DEPARTMENT OF TRANSPORTATION
TRANSPORTATION LABORATORY
NOISE SECTION

District Co. - Rte. P.M.
. Calc. By ‘ Date
Comment -
SOUKD
L:.V"L RELATIVE RELATIVE TOTAL
{A) covwt (B) . sounp enerey (L) sounp _ENERGY () )
190 % 100,000 =
53 X 79,400 =
I3 X 53,190 =
. 57 X 50,100 =
. 35 X 35,300 =
35 X 31,500 =
34 % 25,100 = .
era 33 = '20,000 = -
E¥] X 15,900 =
71 % 12,500 )
ER) 3 10,000 =
33 % 7,540 =
38 % B, 310 =
[ X 3,010 s .
6 % 3,980 =
EE) * 3,640 =
34 X 2,510 =
33 % 7,000 =
37 % 1,530 =
ED % 1,260 =
70 X 1,000 =
73 X 734 =
78 X il )
77 X S0l =
78 % g 398 =
73 X 3L8 = 7
74 * 251 B3 SAN NS
73 3 200 = AN
77 TR 159 Ty AT B
7L A 128 A N5 B
70 i x 103 TELL N 180
£3 X 79.4 . .
= ] A 51,1 = T/, 3,1
57 3 3 L. 1 ¢ = (00,2
39 z I e~ = 20,8
53 7 R Al.6., s = 3,7
S 3 X Sy, .. = 50,2
53 X ~ 20,0, = 80, O
52 3 L&~ 15.3 = 15,9
F PR -F 4 E3 AN VA = 50,4
FEGTE e T T L T e L 50 3 X R T = 20.0
5% 3 FCSSNNZR T = 23,8
53 RN 6. 3L 5
57 [ ZXNNN 5.9L = 5,0
tg v o 7.38 = »
55 " ) 3.:6 = -
53 Y ® 2.51 = 7.5
T3 S NI 2.60 = z_ .
53 L) VX "1.59 =
5T AN % T.28 =
ED) ey % 1.00 =
43 LR N ® . 194 =t
¥ ~ ) X 53l =
T = % 501 =
* 16 (= X 338 =
A5 S ) X s _ =
AN X LA5L =
RN % 00 =
SN X 159 =
L N X 125 =
10 < LLan =
Example
= 32 I=1321.0
1. Sum B 27 Leq is determined by finding
. 2. Sum D 1222.0 the closest value for Sum D/B
3. Sum D/B 4.3 in Column C and reading the
4 Leq L Sound Leve1 1n Co1umn A
F :Leq Computatxon WDrksheet‘-

I-6-18
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Nhen“gféﬁh%% level noise measurements are being made in
the fie]d, it is not practical to apply an accuracy
criterion to determine if an adequate sample has beeﬁ
taken. Therefore, as a guide, graphic level recordinags
should be taken for at least 8.5 minutes under heavy
traffic conditions, at least 17 minutes under medium
traffic conditions and at Teast 25 minutes under low
traffic conditions. When in doubt about traffic condi-
tions, recordings should be made foi the longer time
periods. |

[-6-19
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I-6.6 Leq Determination Using the Environmental Noise Classifier

Leq can readily be determined from the data collected by

the B&K Environmental Noise Classifier (Models 166 and

166/545). Ideally, the instrument would be allowed to

accumulate noise level data for the entire time period for

which an Leq value is desired. In the case of highway noise,

this would be for the entire "peak traffic" hour. If

measuring for the entire hour isrggg_practica1, caution

should be exercised in using shorter measurement periods

to establish the T-hour L eq” '
ai‘«:ﬁ

As a guide, classifier recordings should be taken for at <\\

least 8.5 minutes under heavy traffic conditions, at Teé st\)

17 minutes under medium traffic conditions, and at 1e‘§$g

25 minutes under low traffic conditions. When in &%qp& ’

about traffic cond1t1ons, recordings should be mage For

&

L is determined from Noise Classifier dafa ¥ia the general

the longer time periods.

&l {__1.
expression: , K
_ . <S§g ’-
L = 10 1o Sum of energies “for each of the measured SPL's .
eq %10 Total numhééyof measurements made (Nt)

e

" which becomes ... <§§§§E§-

QT N

~§P SPL» SPL3 SPLy
L JOJOY +10 16 + 101G, + 10710 t
eq 10 log, 41> ~
AN Ny
C2N '
%@1
or . ,f<§§>
ey
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=
|

; = no. of samples in a particular window

~—
il

3 the middle value of the particular window

Noise classifier may also be interpreted using the

"Tabular Simplification" worksheet as shown on Figures
I-6.8 and 1-6.9.

The window values shown on Figure 1-6.8 are the lower
Timit for the window.

i.e.: The lTower 1imit for the first window is 45, . f‘,gi
It covers the range between 45 and 46. Thé\\sés
middle value is 45.5 dBA. RN
The lower 1imit for the second window 5047,
It covers the range between 47 and'K§%> The
middle value is 48 dBA. ,><§§;
The Tower Timit for the third.gindow is 50.
It covers the range between gﬁéﬁnﬁ 51. The
middle value is 50.5 dBA,<
‘ Q%?;"
Successive middle values should K@ calculated for each
window and recorded on Figure “(Column A). The
corresponding number of oc a}sﬁy es are recorded on
Column B and then ca]cu]atid'ﬁ:‘g>

TS

"are performed to determine

1-6-21
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. Example

CALIFORNIA DEPARTMENT O

F TRANSPORTATION

TRANSPORTATION LABORATORY
NOISE SECTION
District Co. Rte. P.M.
Test By Date” Time _MWind-Speed .
LoweR LimiT] 45 47 50 52
READING 0 3 (O G|
% OF TOTAL 0 2 . o1 40.7
Prosorexc(Z)l 994 W [ 994 4 [~ 994 0.7 e
LOWER LiMIT] 55 57 _ C:O o7 TOTAL TIME
READING 33 73 7 8
% OF TOTALl 77 15.3 4.7 5.2
PROS oF exc( %) 50.0 =« 8.0 4 [2..7 = 8.0 D) G4
AN A
tower umt] G5 67 70 72 _,gﬁ\;ﬂ
READING 7 ] ! 0 %S .
% or ToTAL .3 .7 T e 4\@
ProB oF exc(%) 7.7 = L4 L7 - O |[e—sT HERE
. N3,
100 < P ‘\\:‘P& ]
\ <
\ N - .
S0 . ' (‘\, <« 0
! ’@i )\)-
: ‘\ \..‘-'»'?
. B8O ‘\\ : ;\:{
$2 3 A Lae=
— ' - P
Z { RN oo
g9 6o "1 - \\,\\,\‘
i, N N
0 TN R
X > .
w s5Q - ;‘ -f 50,4
w =1
N S R \
SN A
> ao o \\
at |
3 . X
3 o Y
R ‘
a T= 3\
a 3 \
N -
AN
AN
kN
10 S “107,
B
i
T
o
winoow umiti45 14T 1501521 |55 571 60162 165 Gy {701i72
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I-6.7 Computer Analyses of Graphic Level Recorder Data

The Leq is a calculated value requiring a tedious time
consuming manual calculation using data from either the
FHWA check~off procedure, the araphic level recorder or
the environmental noise classifier.

A computer program (Program Hame 5; ENV; ENVSYS; L Calcg)

on the TENET Time-Share System is aVai1ab]e‘F0r calculating

Leq from the check-off procedure or the Environmental

Noise Classifier. ) {11
For graphic level recordings, the Transportation Laboratgr >
uses a digitizer pen and computer program to interpret Qghe,
graphic data and print out vesults for direct 1nc]us1§£§ﬂ
noise reports. It is more accurate and faster than %ﬁe
manual method. 59

Figures I-6.10 and I-6.11 show the 1nf0rma%1(\}iequ1red for
&

analysis and Figure I-6.12 shows an examplejcomputer
printout. RS

I-6-24



1
1

TRANSPORTATION LABORATORY

Enviro-Chemical Branch

NOISE SECTION

GRAPHIC RECORDER DATA SH

EET

The following information is‘necessary for strip charts submitted
~to TranslLab for computer analysis:

1.
2.
3.
4,
5.
6.
7.
8
9
0
1

-

-
-

District:
County:
Route:
Post mile:

Date of measurement:
Submitted by:
Beginning time of measurement:

Ending time of measurement:

Field data by:

Branch:

Field measurement location:

I-6-25




Graphic Level Recording (strip chart)

Hote: The following
A)
B)

items should be marked on the strip chart'
Sound pressure level corresponding to each 10 dB Tine
Starting & ending points of strip chart recording

Writing speed should be: 3 or 10"/sec on GenRad 1521

100 mm/sec on B&K 2306
Paper speed should be: 1/5"/min on GenRad 1521
1 mm/sec on B&K 2306

{?
S S G G R S (R G . : ( ‘i§$?
. WEST CONCORD, MASS. CHART 15218428 PRINTED IN U.5.A, -
‘E:f
E 3
]
N
AN E» 4
20 B
17 ~ )
Y A
{ 1=
{ [ =T p
i ) { RN
1 ) ~ 1 e ~ 1 \
B 1 i 3 ?vl {
L M )
] ‘ ¥ 4~ﬂ? I T
| v e Ty I }
1k W P 0 I B O )
T i (A ] }{ 1
‘! 1 RN N
J ‘ N 7| it
f v STl I 1 i W
1 1 o PNIAY 1 1
T s
|
TSY |
o 1
"D
=]
SHaT i < =1
- ” =

¢g§§§§§ : Eiis : : | : (gg)

Figure 1-6,11
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Leg Cdmﬁuter Printouf From Graphic Level Recorder

DI3T.
CO.:
RTE.:
PIM.:

163
YOLO
I-50

?

BRANCH: ENVIRO-CHEMICAL
FIELD MEASUREMENT LOCATION: ONE MILE WEST OF

bBBA

73 =

63 -

53 -

- &
- =
- *
- *
- *
- ¥
- 1 1
o 10

L(EQG)= 76.6 DBa
L(1@)= 81.8
L(S0Y= 68.0

MEASUREMENT DATE: 4-19-78

MEASUREMENT TIME:120@
SUBMITTED BY: R. 3SMITH
FIELD DATA BY: R.sM{TH

YOLO CAUSEWAY

STANDARD DEVIATION= 8.4

PERCENT

Figure I-6.12
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Glossary

The terms and definitions in this gloessary are either
used in this manual or are of interest and commonly used
by people involved in environmental noise.

A-Weighted Sound Level (dBA) ~ A number representing the
sound level which contains a wide range of frequencies
weighted in a manner representative of.the ear's response.

Absorption - A property of materials that reduces the amount
of sound energy that is reflected. It is an entirely <zzﬁ
different prpcess from that of transmission Toss \KA% g

LG\
through a material, <§E7
: Q

Absorption Coefficient - A measure of “the sound ab§§§§§hg
ability of a surface The values range frd@)ag\ut
0.01 for marble slate to 1.00 for a 100 'Q ¢ént
absorbent material. One type of such a \9 fficient
is referred to as a Moise Reductioni Cziﬁf1c1ent (NRC).

Acoustics - The science of sound 1ncﬁud1ng the generation,

transmission, and effects of ound waves, both audible

and inaudible. <::>
B

Airborne Sound -~ Sound tha gzgaches the point of interest
by propagation thrqugh air.,

N

Ambient No1se Leve}>ﬁ\T at sound level that exists at any
instant regar&iess of source.

Anechoic %,Qé#iiilroom whose boundaries have been designed
to abhqyb nearly all of the sound incident on them,
thereby affording a test room essentially free from
reflected sound. '
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AFtitufafioh Index (AI)I- A numerically calculated measure
of the intelligibility of transmitted or processed
speech. It takes into account the limitations of the
transmission path and background noise, The AI ranges
from 0 to 1.0. Speech intelligibility is low if the
Al is 0.1 and high if 0.6.

‘ Audio Frequency - Audible sine wave of sound between 20

and 20,000 Hz.

Aural ~ Pertaining to the ear or hearing. n

D\\
N

Audiogram - A graph showing hearing loss as a function o )
Nl

frequency. Aég;Q?

Audiometer - An instrument for measuring hearing se Sﬁt1v1ty

or hearing loss. : 2%?.
. A
Background Noise - The total of all noise \a»system or
s1tuat1on, independent of the presencgld% the desired
soqnd. 43%‘

Bafflie - A shielding StrUCturQ(Q§§§> ries of partitions
used to increase the effe length of the external

transmission path betgggQ(}Wo points in an acoustic

system
O -
Band - A segment of(§§§éfrequency spectrum.

X9

Band Center Fr néy - The desiqnated (geometric) mean

egue
frequeg§§§§£la band of noise.
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Band Pressure lLevel - The pressure level for the sound
contained within a specified frequency band.

Broadband Noise - MNoise with components over a wide range
of frequencies.

C-Weighted Sound Level (dBC) - A number representing the
sound level which contains a wide range of frequencies
which are linear from 70 to 4000 Hz, but below and
above these limits, frequencies are slightly dis- /Q

criminated againstQ
f\\

Coincidence Effect - When the wavelength of the bend1ng>\Q9
wave in a panel coincides with the length of 2§¥$>A
incident sound wave at the angle at which it stiikes
the panel. When the coincidence effect océﬁh s the
Transmission loss for the panel is ureatia\veduced

“\\

Community Noise Equivalent Level (CHEL) - §a§za1e that
takes into account all the A~ we1g%ted acoustical
enerqy from a source during 24 ﬁburs and weights the
evening (7 to 10 p.m.) ev%f:> 5 dBA and night (10 p.m.

to 6 a.m.) events 10 dBA\:}}

Cylindrical Divergence - The\ ondition of propagation of
cylindrical waves t qﬁ accounts for the regular
decrease in 1nt ;%xy of a cylindrical wave at

progress1ve1y\g ter distance from the source.

This decrease 1s 3 decibels with each doubling of

d1star1;®




‘Cycles Pér Second {cps)'- A measure of frequency numerically
equivalent to Hertz,

Damage Risk Criterion - Noise levels above which permanent
hearing loss of at Teast a specified amount is 1likely
‘to be sustained by a person.

Decibel (dB) - A unit of measurement on a togarithmic scale
which describes the magnitude of a particular quantity
of sound pressure or power with respect to a standard
reference value.

R
XX

N \—"H'
Diffuse Sound Field - The presence of many reflected waves. 3D
(echoes) Tn a room having a very small amount of,4§§g§5

sound absorption. <§§§§>

Doppler Effect - The apparent upward shift.inlfﬁgﬁuency
of a sound as a noise source approaches,{ﬁ%$£%e
apparent downward shift when the noiig\sig?ce recedes.

%
Electro~-acoustics - The science and té@hnology of trans-
' forming sound waves into curreﬁ%%;jﬁ efectrical

circuits (and vice versa) bxigsan§ of microphones,

loudspeakers, and e]ectrsﬁEED-mp1ifiers and filters.

: N
FilTter - A device that tra§§Q§-s certain frequency com-
' ponents of the si &%&)(sound or electrical) incident
upon it and re{if§% dther frequencies.

AN _
Free Sound_F1e1g£fFYeb Field) - A sound field in which

the effe. gﬁ’o

ipf obstacles or boundaries on sound

propagﬁ% in that field are negligible.
RN
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Frequency - The number of times per second that the sine
wave of sound repeats itself, or that the Sine wave
of a vibrating object repeats itself - now expressed
in Hertz (Hz), formerly in cycles per second (cps).

Fundamental Frequency - The frequency with which a
periodic function reproduces itself, sometimes
called the first harmonic.

faussian Distribution (or Normal Distribution) - a term used
in statistics to describe the extent and the frequency ’
of deviations or errors. The outstanding characteris?lﬁ%&b.
are a tendency to a maximum number of occurrences atSoye)
near the center or mean point, the progressive decﬁ%é%h
of frequency of occurrence with distance from thﬁ;;
center, and the symmetry of distribution on e{éiék ‘
side of the center. 1In respect of random q@{fe,_each
fluctuation of amplitude is an occurrence} ihéether
above or below the mean level; the pe@Kxﬁg?ué of each
fiuctuation is the error and the diifkightion of errors
with time is Gaussian. : C&; <
| N
Gradient - A variation of the Togal speed of sound with
height above ground or othééS%%asuﬁe of distance
causing refraction of soﬁﬁﬂn
caused by rising or féﬁiggéJtemperature with
altitude or by diffgrences in wind speed.

It is most commonly

Harmonic - A sinugqfé%@(pure-tone) component whose frequency
is a who]e—nuHﬁg¥ multiple of the fundamental of the
wave, If<§éﬁomponent has a frequency twice that of
the fpﬁ@%ﬁéﬁ%a] it is called the second harmonic.

AN
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‘Leefihé bisébi]{ty - An actual or presumed inability, due
to hearing impairment, to remain employed at full
wages. '

Hearing Handicap - The disadvantage imposed by a hearing
impairment sufficient to affect one's efficiency in
the sjtuation of everyday living.

Hearing Impairment - A deviation or. change for the worse
in eitheyr hearing structure or function, usually
outside the normal range; see hearing Toss.

x\l.,

~\

SO
S

™~

Hearing Loss - The amount by which a person's hearing 15
worse than some selected norm.

Hear1na Loss for Speech - The difference in decibel
between the speech Tevels at which the “a%eraa
normal" ear and a defective ear, respect1ve§y,
reach the same 1nte111g1b111ty, ocften- a? batrarily

set at 50 percent. Q%::f

Hertz - Unit of measurement of frequepcy, numeyrically
equal to cycles per second. <EE?

- Impact - A word used to expr <::Re extent or severity

of an environmental pfhi@h

Infrasonic - A freque't ﬁelow the audible sound spectrum

. N

(in genera1,<§§§E§ than 20 Hz).

inverse Squar aw - That acoustical situation where the
mean q\\t sound pressure decreases in inverse pro-
port1§h> 0 the square of the distance from the source.
This amounts to a decrease of 6 decibels with each
doubling of distance from a point source.




Ldn - Sound level, day, night. This is a 24 hour Le
with the daytime Tevel from 0700 to 2200 hours and
the nighttime Tevel -from 2200 to 0700 hours. A 10 dB
penalty is added to the nighttime period.

Leq - The equivalent steady state sound level which in
a stated period of time would contain the same
acoustical energy as time- vary1ng sound level during

the same period.

L10 - The sound Tevel exceeded 10 percent of the time. 2
S
Corresponds to peaks of noise in the time history Q§;$?

of environmental noise. ig>

L50 - The sound level exceeded 50 percent of the t1m 3;
Corresponds to the average level of noise.
. ERANSYS
Level ~ The value of an acoustical quantity (ggg cibels.

e

2N
Loudness - The judgement of intensity of %-sound by a
human being. AN
N

Masking - The action of bringin x\gg sound {audible when
heard alone) to 1naud1b1{q§§> to unintelligibility

by the introduction of\§§> er sound.

Medium - A substance caﬁxkgng a sound wave.

pa

( _
Microbar - A microﬁqf%}ubar) is a unit of pressure equal

to 1 dyne per square centimeter (10 ubar = 1 pascal).

N
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Microphone - An electro-acoustic transducer that responds
to sound waves and delivers .essentially equivalent .
electrical waves.

Noise - Any sound that is undesireable because it interferes
with speech and hearing, or is intense enough to
damage hearing, or is otherwise annoying (unwanted
sound).

‘Noise Reduction Coefficient {NRC) ~The average of a material's
absorption coefficients for frequencies 250, 500, 10060
and 2000 Hz.

).
/fv

~
:\:\
)

\d

Octave - The 1nterva1 between two sounds having a basxcii???
fregquency rat1o of two. <§§§§

Octave Band - A1l of the components in a sound spectrum

7(?

whase frequencies are between two sine av§>components
separated by an octave. g;3>

Octave Band Sound Pressure Level - Thez;nteurated sound
pressure Tevel of only those s1ﬁ§ wave components 1in
a specified octave band for no1se or sound having
a wide spectrum. <§E?

Pascal - A pascal (Pa) is §<§\j$ of pressure equal to

1 newton per squaré&meter (1 pascal = 10 microbar).
Peak Sound Pressureé&%ﬁ e maximum instantaneous sound

pressure for a“%?ans1ent or impulsive sound of short

durat1on<$b n a spec1f1ed time interval for a sound

of longgSp at10n.

()
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Pink Hoise ~ Noise where the level decreases with increas-
ing frequency to yield constant enerqy per octavé
band width.

Presbycusis - The decline in hearing acuity that normally
occurs as a person grows older.

Pure Tone - A sound wave whose waveform is that of a sine
wave.

Random Incidence - If an object is in a diffuse sound

Y
field, the sound waves that comprise the sound field ‘€£§x
\_";' o,
are said to strike the object from all angles of /€SE>’A
incidence at random. ' <§§S? ’

Random Noise - An oscillation whose instantaneous 5%:91thde
is not specified for any given instant of, ﬁﬁme T1t
can be described in a statistical senses \\K‘fbbab111ty
distribution functions giving the frad%1qp of the
total time that the magnitude of thegii1se Ties within

a specified range. <Qg.

Rate of Decay ~ Rate of decay 15(%;: t1me rate at which
the sound-pressure level her stated characteristic,
such as a vibration 1e ecreases at a given point
and at a given time afEE the source is turned off.
The commoniy use<i§%$: 1s decibels per second.

Refraction - The béh g of a sound wave from its original
path, e1ther be3

anothear Q;“ because (in air) of a temperature or wind
qrad1eﬁ}

ause it is passing from one medium to

the medium.
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‘Residual Noise Level - The noise that exists at a point

as a result of the combination of many distant sources,
individually 1ndistingﬁishab]e. In statistical terms,
it is the level that exists 90 percent of the time.
(Acousticians should note. it means the same level to
which they have customarily applied the term
*ambient.")

Resonance - The relatively large amplitude of vibration
produced when the frequency of some source of sound
or vibration “matches® or synchronizes with the

natural frequency of vibration of some object, gtgsa
component, or system. «’«Qfﬁﬁ

O
Resonator - A resonator is a device that resounds grQ§S§>

‘vibrates in sympathy with some source of sound a5

vibration. ‘
o &

Reverberant F1e1d - The region in a room wb3| he re-
flected sound dominates, as opposed{tgafhe region
close to the noise source where ¢fe direct sound

dominates. <§§;f'

Revérberation - The persisten QQQ
space, as a result oerJﬁap e reflections, after
the sound source has stopped.

| \ |

Reverberation Room 7§§§%pgﬁ having a long reverberation
time, espec1afl esigned to make the sound field
inside it: as d1Ffuse (homogeneous) as possible.

Also ca1{sgﬁa Tive room.

N

ound in an enclosed
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Sine-Have

Reverberation Time (RT) - The reverberation time of a

room is the time taken for the sound energy {or
sound intensity) to decrease to one-millionth of its
steady-state value when the source of sound energy
is suddenly interrupted, (This corresponds to a
drop of 60 dB in sound pressure level.) It is a
measure of the persistence of an impulsive sound in
a room and of the amount of acoustical absorption
present inside the room.

Room Constant - The room constant is equal to (a) the

product of the average absorption coefficient of
the room and the total internal area of the room, ‘\

{

divided by (b) the quantity one minus the average<NQ?

absorption coefficient. diggg

Root-Mean-Square {RMS} - The root-mean square vadue of

>
a quantity that is varying as a funct1on*o “fAme

is obtained by squaring the function at\Qach instant,
obtaining the average of the squared va]Ues over

the interval of interest, and taklng f‘e square root
of this average. For a sine wéVe muitiply the RMS
value by vZ2, or about 1. 43 q £ the peak value

of the wave. The RMS val q% Aso called the effec-
tive value of the sound<q?e Sure, is the hest

measure of ordinary con%ﬁhuous sound, but the peak

N
value is necessaryS&or assessment of 1mpu1se noises,

Shielding - The atte;§§§1on of a “sound by placing walls,
bu11d1ngs, or é%her barriers between a sound source
and the récgaver

’55 g sound wave, audible as a pure ‘tone, in which

the sound pressure is a sinusoidal function of time.

IA-12
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Sound - ThéNEOmpFessioh and rarefaction of the air.

Sound Insulation - (1) The use of structures and mate-
‘rials designed to reduce the transmission of sound
from one room or area to another or from the
exterior to the interior of a building. (2} The
degree by which sound transmission is reduced by
means of sound insulating structures and materials.

Sound Level (Noise Level) - The weighted sound pressure
level obtained by use of a sound Tevel meter having .
@ standard frequency-filter for'attenuating part of ;i\kx
the sound spectrum. R\

: : <

Sound Level Meter - An instrument, comprising a micn&\\§_
phone, an amplifier, an oufput diﬁp]ay, and fgé ency -
weighting networks, that is used for the_ﬂsésurement
of noise and sound levels in a specified\ﬁagher.

’/ ~
e N

Sound Power - The total amount of energyfgéﬁjated into
the atmosphere per unit time by gggothe of sound.
\ ':| »

Tl
Sound Power Level - The level of<§i2nd’power, averaged
over a period of time, thé%%ﬁ o~12
‘watts. A 7"

erence being 1

Sound Pressure - (1) Th‘Qminufe fluctuations in atmo-
spheric pressure Q;P‘abcompany the passage of a
sound wave; tHESE)eésure fluctuations on the
tympanic memb?%%% are transmitted to the inner ear
and give; iﬁé to the sensation of audible sound.
(2) Ep"\\s&gady sound, the value of the sound

Sy . .
pressung averaged over a perlod of time.

TA-13
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(3) Sound pressure is usually measured (a) in dynes
per square centimeter (dyn/cmz), or (b) in newtons
per square meter (N/mz). 1 N/m2 = 10 d_yn/cm2 10
times the atmospheric pressure.

-5

Sound Pressure Level - The root-mean-square value of the
- pressure fluctuations above and below atmospheric
pressure due to a sound wave; expressed in decibels
based on a reference pressure of 0.0002 microbars
(2 x 1073 newtons per square meter),

Sound Shadow - The acoustical equivalent of a Tight
shadow. A sound shadow is often partial because
of diffraction effects.

\\l
Sound Transmission Class (STC) - The preferred 51n§%\¥§>

figure rating system designed to give an eQ@}ma%e

of the sound insulation properties of a 3 t1t1on

or a rank ordering of a series of partl%i s, It

is intended for use primarily when speech and office
noise const1tute the principal @@Jse problem

Sound Transmission Coefficient - he fraction of incident
sound energy transmitted tES& h a structural

configuration. <§§3§

Sound Transmission Los&é%Transmission Loss (TL)) - A
measure of sound, s‘ﬁat1on provided by a structural
conf1gurat1on:>ﬁ%§pressed in decibels, it is 10
times the 10g5§ﬁ¢hm to the base 10 of the reciprocal
of the s Q transm1ss1on coefficient of the con-

f1guratig

IA-14
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m'Speéfrum'—‘fheﬁdescription of a sound wave's resolution into
componénts, geach of different frequency and {usually)
different amplitude and phase.

Speed (Velocity) of Sound in Air - The speed of sound in
air is 344 m/sec or 1128 ft/sec at 70°F and an
atmospheric pressure of 29.92 inches of mercury.

Spherical Divergence - Spherical divergence 'is the condi-
tion of propagation of spherical waves that relates
to the regular decrease in intensity of a spherical
sound wave at progressively greater distances from QSRA
the source. Under this condition the sound- pressureﬁ\\\,\
lTevel decreases 6 decibels with each doubling of rﬁ\;ﬁg
distance from the source. See also cy11ndr1ca%?§3§
divergence. <\§9 '

/§3> .

. : ) AR

Spherical Wave - A sound wave in which the s ~F&5és of
constant phase are concentric spheres’l.B mali
(point) source radiating into an open_ipace produces
a free sound field of spherical wayes

§\

Standard - (1) A prescribed method, of “measuring acoustical
quantities. Standards in {9sense are promulgated
by professional and 501 MEIFic societies Tike ANST,
SAE, IS0, ETC.., as we]tgé by other groups. (2) In
the sense used 1in ‘%deral environmental statutes, a
standard is a sg§§lf1c statement of permitted
env1ronmenta1ft 1t1ons

ca
Steady-State Soqggs - Sounds whose average characteristics

rema1n cqnstant in time. An example of a steady-state
sound«ﬁs an air conditioning unit.

TA-15
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Structureborne Sound - Sound that reaches the point of
interest, over at least part of its path, by vibra-
tion of a solid structure.

Temporary Threshold Shift (TTS) - A temporary impairment
of hearing capability as indicated by an increase in
the threshold of audibility. By definition, the ear
recovers after a given period of time. Sufficient
exposures to noise of sufficient intensity, from
which the ear never completely recovers, will lead
to a permanent threshold shift (PTS), which constitutes
hearing loss. See hearing loss, threshold shift, :€2>§?
threshold of audibility. N\
‘ Q>\§;>
Third-Octave Band - A frequency band whose cutoff frequépc1es
have a ratio of 2 to the one-third power, wh1ch\}s—
approximately 1.26. The cutoff frequenc1e§3of 891 Hz
and 1112 Hz define a third-octave band {§§§ ﬁ%on use.

~

See also band center frequency. pd
{ede-" 2
T
Threshold of Audibility (Threshold of¢Detectability)
The minimum sound-pressure 1evé¥§g¢‘which a person

can hear a specified sound {Sgpa specified fraction

of trials. : :<::>

Threshold Shift - An 1ncrea;§§3n a hearing threshold level
that results from. ‘Q—osure to noise.

Transducer - A dev1$§§éapable of be1ng actuated by waves
from one %Blndré transmission systems or media and
supp1y1nq\h&/ated waves to one or more other trans-
m1551on stems or media. Examples are m1crophones,
and 1ou dspeakers.
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ﬂavefofmw~‘A pfegéntation of some feature of a sound wave,
e.g., the sound pressure, as a graph showing the

moment-by-moment variation of sound pressure with
time. |

Wavefront - An imaginary surface of a sound wave on its
vay through the atmosphere. At all points on the
wavefront, the wave is of equal amplitude and phase.

Wavelength - For a periodic wave (such as sound in air),
the perpendicular distance between analogous points 2
on any two successive waves. ‘The wavelength of sound Ciﬁ“‘
in air or in water is inversely proportional to the\} ~
frequency bf the sound. Thus, the lower the frqu;:ty,

the longer the wavelength. <§§Q§>_

White Noise - Noise whose energy is uniform ovefi%}wide

range of frequencies, being analogous 1ﬁ§§§-ctrum
characteristics to white light. White

\\.——»" >

"hissing" sound. See also broadband- ngise.

Uttrasonic - Pertaining fo sound frégﬁén&ies above the
audible sound spectrum (in 6%g§ra]; higher than

20,000 Hz).. @@
™
D

?2\
¥

se has a

TA-17




APPENDIX IB

WHERE TO FIND HELP
WITH NOISE PROBLEMS







Where To Find Help With

Noise Problems

Foilowing are addresses and telephone humbers of agencies, groups

and organizations that can help to answer questions about noise

problems,

Acoustical Society of America
335 East 45th Street

New York, NY 10017

(212) 661-9404

Institute of Noise Control
Engineering

P.O. Box 3206, Arlington Branch

Poughkeepsie, NY 12603

(914) 462-6719

National Council of Acoustical
Consultants, Inc.

881l Colesville Rd., Suite 225

Silver Spring, MD 20810

{301) 587-0233

National Institute for Occupational

Safety and Health

U.S. Dept. of Health, Education
and Welfare

Parklawn Building

5600 Fishers Lane

Rockville, MD 20852

{(301) 443-1530

National Safety Council
444 North Michigan Avenue
Chicago, ILL 60611

(312) 527-4800

California Dept. of Health
Office of MNoise Control
2151 Berkeley lay
Berkeley, CA

(415) 843-7900 \%

Ca11forn1a Highway
2555 First Ave. \\b

Sacramento, CA Qﬁgg@

(916) 445-1865

Transportation Laboratory
5900 Folsom Blvd.
Sacramenta CA 95819
(916) 739-2413

nthn DC
Qégyjb 655-4000
Q&

Noise Control Products & Materials
Association

410 North Michigan Avenue

Chicago, IL 60611

{312) 326-1646

Occupational Safety and Health
Administration

U. S. Dept. of Labor

l4th 8t. & Constitution Ave.,

Washington, DC 20210

(202) 523-5224
Occupational Safety and\§€§>

J&gﬁ

Review Commission
1825 K Street, N.W. -
Washington, DC ZOOQ@
(202) 634-7960-8N 7

U. 5. Dept. ofl T£§nsportatlon
Federal nghway,Admlnlstratlon
Bureau of MotorlCarrier Safety
400 Sevengh Street, S.W.
Washlngton DC 20590

{202) 426v4000

\<§§v1ronmental Protection Agency
40 reet, S.W.
20460

Environmental Protection Agency
100 California Street
San Francisco, CA
(415) 556-4606

California Division of Aeronautics
1120 § Street
Sacramento, CA
(916) 322-3090
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“Center for a Quiet Environment
University of California

Richmond Field Station, Bldg 167

1301 So., 46th Street
Richmond, CA 94804
(415) 231-9463

The National Association of
Noise Control Officials

P.0. Box 2618 . .

Fort Walton Beach, FL 32549

(904) 243-8129

U.S. Dept. of Transportation
Federal Highway Administration
0ffice of Environmental Policy
400 7th Street, S.W.
Washington, DC 20590

(202) 426-4836
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1. Introduction

This Quality Assurance Program {(QAP) is designed to
provide relatively simple procedures for administration,
training, equipment calibration, operator certification
and documentation. The purpose of the QAP is to assure
valid data.

Calibration of instruments is intended to detect serious
malfunctions or deficiencies and establish a record of

immediate and long term stability. No attempt is made *5§{~

\_.-\r
to "type test" sound level meters for full compliance &)

with ANSI S1.4-1971 specifications. ‘\Q7

A§§>
II. Objectives | <§§>>
1) To establish uniformity in the n01s$§£§§€1ng

program within Caltrans.

o Sal
2) To insure the reliability. and\va]1d1ty of
noise data for environmental and ]egaﬁ>act1v1t1es.

3)" To insure that stan% <§$%hodo1ogy and
techniques are followed w1tnfutg§hortcuts or other
variations.

4) T0 maintaiQ§§§§ﬁa¥f of trained personnel.

5) To ca§r1F§% a program of instrument

calibration that &5 traceable to the National Bureau
of Standargsgi N
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I1I. Administration

The Office of Transportation Laboratory (TransLab) of
the California Department of Transportation (Caltrans)
will be responsible for preparing, updating, administer
ing and carrying out the Quality Assurance Program (QAP
on a statewide basis.

Translab will perform the following functions:
1) Provide a coordinator to make periodic Tield

reviews of the District's noise programs, instrument
calibrations and operator audit of procedures. Reports

will be prepared. . <§§\>

2) Provide instruction and assistance on §5
things as equipment maintenance, field ca11brat%£ﬁ§,
and noise measurements. 43\

CL

3) Provide formal training coursés.

N

4) Disseminate information Qé&fhang s in policy

and procedures. :<::>

5) Assist in purchasingyx \%roper equipment,

\,

)

S

<§§$?

6) Prepare or ¢ /§%§ California test methods under

certain circumstanceffg re it may be more advantageous
than following natﬂon 1T standards.

7) As9§§§§%he Districts in finding and correcting

problems 1in n Se measurement.

I1D-6




‘Each district has the ultimate responsibility for
maintaining their equipment, periodic calibrations,
following proper procedures, and having trained
personnel capable of producing reliable test data.

Each District will be responsible for the folliowing.
specific functions:

1) Obtaining calibrations of instruments so
"they will be traceable to the National Bureau of
Standards. TransbLab can perform this function.

2) In-house calibration of instruments o
according to established procedures.

3) Maintaining instruments (repairs are <§§§§>

generally made by manufacturer). 2%?

4) Keeping permanent records of . f\runent
calibrations and repairs in bound volumes. E;Qﬁ records
will have a b5 year retention period. Some decuments

such as'backup.worksheets, certificate\;apd manufacturers

repair records are kept in a binder_orgfﬁle.

5) Maintaining a recordﬁ;Q§ aéh SLM sensitivity
calibration in a bound notebﬁgk>ﬁo be kept with each
SLM. If a SLM is calibrated @ number of times in
the field, each qa]ibrgéi?hhtime, date and any adjust-

ment should be nqt%%§§§>_-

6) Selec’%ﬁg training and certifying personnel
for noise neag nsnent work. TranslLab will assist the
District onﬁ%é% orm these functions.

7) Keeping a current list of qualified operators.
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IV. Standards Maintained by TranslLab

A, TransLab Standard Microphones (2 ea)
~ equivalent to Western Electric 640A
Standard Microphone

Two Laboratory Standard Microphones (B&K 4160) which

are equivalent to the Western Electric 640A will serve

as the California Department of Transportation (Ca]trané)

Standards for acoustic measurements. Thesé Translab

Standard Microphones will alternately be sent to the ' {325

National Bureau of Standards (NBS) every six months for 52%5‘

calibration until a history of stable performance has <é§§§>--
been established (about 2 years). Then the HNBS ca]ibrgz

tion interval can be extended to one year. These <§§>> -

TranslLab Standard Microphones will be kept at the .

Transportation Laboratory where they will be used&Nn?’

conjunction with B&K 2607 Measuring Amp]ifietiigggsignated

as the Translab Standard Sound Level Meters{%@b;ca]ibrate

the TransLab "working standard" microph%&sz cl

\ .,’.
B. TranslLab Standard Sound H&%;: Meters (SLM) (2 ea)

TranslLab will designate one B&K<Q6QJ Measuring Amplifier
as the "TranslLab Standard SLM™)  ‘$ second B&K 2607 SLM
as the "Working Standard Sgy". It is on the latter
instrument that all testﬁﬁﬁ*bf District microphones and
calibrators will be do§§§> The TransLab Standard SLM
will be used only in bench calibration" capacity

and will never ngggfjected to the rigors of field use.

QB
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“The following performance characteristics of these two
instruments will be checked prior to District visits
and at least every three months in accordance with
Section VI below:
1. A-weighted frequency response to a constant ampiitude
AC voltage input signal at each of the 9 octave band
frequencies from 37.5 through 10,000. Hz.

2. Step attenuator deviation from a true 10 dB increment
at 250, 500, and 1,000 Hz.

3. Linearity of the SLM meter dial (i.e., meter responsgs?
tc 1 dB changes in finput voltage) at 250, 500 and 1, Q\Eggg

4, Internatl c1rcu1t noise of the SLM. <3é?

C. Working Standard Microphone (1 ea, ?§53>

One B&K 4134 microphone will be ca11brat§d v1a ‘comparison
with the TranslLab Standard M1crophonéQ§§}ng the B&K 4220
Pistonphone (Section V). This migyophone will be
designated as the TranslLab "wor\iQ) tandavrd microphone"”
and will be used on the Trans_gﬁ\ rking standard sound
level meter to calibrate the h\§t}'1ct s calibrators and
to characterize the outpuﬁxof the TransLab Genrad

1562-A "slave" ca11brat driven externally by a Hewlett-
Packard 3317A Funct{3§§§gnerator

D. Norktnq> tandard Sound Level Meter (1 ea)

One B&K 2607 e suring amplifier will be designated as
the TranslLab "working standard sound level mgter" and
will be calibrated by comparison with the "TransLab
Standard SLM" (Section V).

ID-9
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E. Pistonphones (B&K 4220) (2 ea)
These instruments will be kept at TransLab as "transfer"
calibration standards. Their gutput will be defined _
on the TranslLab Standard Microphone and used to calibrate
the working standard SLH.

F. Standard Frequency Counter (1 ea)

TransLab will designate a Hewlett-Packard 5306A Multimeter/

R
Counter as the "Standard Frequency Counter". Accuracy t?ik%”
of the counter will be checked annually using tuning <§fﬁ§2
forks of certified frequencies, and will be sent for N

manufacturer's calibration every two years. disb

G. Standard Voltmeter (1 ea) Ry
4§$t?

. . LAY
Translab will designate a Fluke 8030A Mu]t1maﬁeﬁ digital
TRMS) as the "Standard Voltmeter". This ing%§?1ent

Will be factory calibrated (traceable tQUBS) on an

annual basis. QSg}”'
H. Standard Attenuator Seﬁ<f§§?é

TransLab will designate a Hew é§%«backard 350B Attenuator
Set as the "Standard Attem@i?or Set"., The accuracy of

its step attenuators 1Ei§§§v?ﬂfng true 10 dB and 1 dB

changes in attenuatigi 1 be checked by using the
Standard Voltmete;-¢o étermine the voltage ratios
corresponding toQgggiattenuation changes.

N\
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V. calibration

The Working Standard Microphone (WSM) to be used in the
calibration of District equipment will be a B&K 4134, a
1/2 inch condenser-type microphone. It will be used
with the B&K 2607 measuring amplifier (this is the
working standard SLM). This instrument allows calibra-
tion with respect to the pre-defined sensitivity of the
microphone one chooses to use on it. This means that the
system can be calibrated in the field without the use

of acoustical-type calibrators and their attendant error.,

One simply adjusts the input sensitivity of the B&K 2607

to provide the specified sensitivity (mv/Pa i.e., mv/94 «Q}QS.

dB), readable on its meter scale. csgég

The sensitivity to be specified for the WSM wi11( e
determined by "comparison" with B&K 4160 Laboraf\ry>'
Standard Microphone (LSHM) whose sensitivity,{%%é? ined
semi-annually by the National Bureau of Sg?ﬁﬁardé.
This comparison technique is outlined 2§1pw?2

TR\
1. Connect the LSM to the LabératorywStandard SLM by
means of a B&K 2619 preamp.- ¢

2. Set the SLM controls ag™

Input Attenuaé%%&;... 0.1
; _
patohting e ¢

‘ L \-\_/_oo ......
Gainlfﬁhgro1 ceeeaa.. Cal,
MetexORuriction ...... RMS, Lin
Adé\q*1ng Time ..... . Fast
Input ....... cees e .. Preamp
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3.' Install the SAO056 meter scale on the SLM.

4, Activate the SLM's "50 mv RMS Ref." signal.

. ~ Adjust the SLM's “Preamp. Input Sens." screw to
provide the LSM sensitivity reading on the lower (red)
meter scale. (This LSM sensitivity will be determined

semi-annually by NBS.)

6. Deactivate the "50 mv RMS Ref." signal,

R
7. Adjust the SLM Input Attenuator to establish the \’\17
zero point on the meter scale as 120 dB. N 53

8. Mount the B&K 4220 Pistonphone on the LSM and read dggé
the meter response. This is the true output of the
Pistonphone.

Q7

9. Connect the WSM to the Working Standard. §E§33§1ng
a B&K 2619 preamp. gi ’

_4@

10. Install the SA 0057 meter scale. —'

11. Set SLM controls as in Step Z§§§Q09Pt Input

Attenuator must be set at "1V"

12. Mount the P1stonphon n the NSM and adjust the
"Preamp. Input Sens.” ﬁd$§50v1de a meter reading equal
to the true P1st0hphoﬁ€\vutput level determined in

Step 8. §

13. React1vat{$§§3 “50 mv RMS Ref" signal.

" 14. Reset the Input and OQutput Attenuator to "0.1V" and
"S$1", respectively.
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“15. 'Read and record the sensitivity of the WSM indicated
on the lower {(red) meter scale.

These working standards can now be taken to the District
Offices, where, prior to their use, the sensitivity of
the WSM (determined) must be set on the Working Standard
SLM, thereby establishing a "true reading" system.

VI. Calibration and Testing of Districts' Equipment

A. General ' SONS

AN
Each of Caltrans' eleven District Offices will be v1s1teéi%}v )
at least once a year by TransLab personnel. During th:
visit, the District's noise measuring equipment w1]f33§§>
calibrated and subjected to tests that will ver1£¥-1ts
compliance w1th operational tolerances. A]tho zﬁ
equ1pment will not be tested for comp]1ance\ﬁ a11
aspects of the ANSI S1.4-1971 ”Spec1f1cat10nuf r Sound
Level Meters", enough tests will be ruglto d1sclose
major deficiences in the equipments' ﬁ%rfdrmance. Tests
to be performed are described be]oﬂ, /

S

B. District Equ1pment (he g& Performed by Translab
(Record all data onl: ?g re D2, D3, & D4.)

1. Calibrator Sound PreSsure Level (SPL) will be
determined for each ofziﬁg\¥requency settings by measure-

ment on the Working ard SLM The District's
calibrator will be abe]ed as to its exact SPL at each
frequency sett b1f it is a multi-frequency calibrator).
It the Ca]abfaL:} s actual output level varies from its
nominal spec1 1ed output level by 0.5 dB or more, the
internal potentiometers will be adJusted to provide the
specified nominal output,

. ID=-13
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2. Calibrator Frequency settings (where applicabie)
shall be verified to be accurate within iS%] by mount-
ing the calibrator on the TransLab Working Standard SLHM
and measuring the frequency of the SLM output signal
using the Standard Frequency Counter.

(Items 3, 4, and 5 may provide an electro~acoustical check
of the SLM;microphone combination or simply an electrical
check of just the SLM (w/o microphone) behavior. 1In the
former, an acoustical signal is input through a Genrad

1562 "slave" calibrator from a H.P., 33T1A Function !E§§s>
Generator. The output Tevel of the "slave" calibrator \
as related to frequency will be characterized on the <E$?

method checks both microphone and meter behavior.

Laboratory Standard Microphone. This comprehensive dgég;

idal
electrical signals of various frequencies w144 Be input
through a shielded "dummy" microphone ogggqual impedance

arrangement. Q%; ,-
r /e

The Caltrans calibration program Qib use the electro-

desired, the microphone wiil be removed and s?%

If only an electrical check of the SLM c1rcu1tpx:§§§2

acoustical method as a primary . The electrical
check will only be used in Ifg\\B
whether suspected prob]ems&ére mﬁcrophone or SLM based.)

\Q\

]Accuracy Timit ig;j;gﬁ)ﬂationa1 Institute for Occupational
Safety and Hea \iéﬁNIOSH) sound lTevel meter certification
criteria (E§§§§§> Register 10/8/76).

or to determine

i~
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3. Linearity of the SLM meter scale's graduations will
be checked using a Hewlett Packard 350 B Attenuator Set.
With the input signal amplitude adjusted to produce full
scale meter deflection, the signal will be attenuated

5 dB at a time. The resulting change in meter scale

indication will be observed. Perm1ss1b1e total error for
any 5 dB meter scale segment w11] be 0.4 dB. This test
will be performed at the 250 Hz, 500 Hz, and 1,000 Hz
frequencies.

4.. The SLM's 10 dB step attenuator accuracy will also

be checked using the Hewiett-Packard 350 B Attenuator Q;‘\\
Set. 119 dB input signals of 250, 500, and 1,000 Hz w111\\ &
be reduced by true 10 dB increments to provide signals . o

as low as 59 dB. After the SLM attenuator has been Aq\\s
switched to accommodate each signal, the resulting c§g§ge

in meter response and SLM output voltage shall bé?i?iv

0.5 dB. - 4%553?-‘

The maximum net cumulative error allowed at ipy point on
the SLM's step attenuator will be #1.0/dB for an SLM
adjusted to read "true" at its 110 dﬁtéttenuator setting.

The exact procedure for determj ﬁ:f%S%LM attenuator accuracy
is outlined below: <§§§;>

a. Arrange equ1pmé§t as shown in Figure DI.

S
SLM should be set on M aﬁg}ght1ng
b. Set SLH-a

enuator at "110" and attenuator

A - tt
box HP350B at Qéi%%both dials).

yd .
S d .
c. Adjust function generator output to provide a

SLM reading of "+9" (119.0 dB) at 250 Hz. Record the
SLM output voltage.

. ID-1%
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d. Switch attenuator box dial to "10".
e. Switch the SLM attenuator to "100".

f. Note the new reading on the SLM scale and new'
output voltage.

g. Determine algebraic difference between the
known change 1in signal provided by the attenuator box
and the change (both scale and SLM output) provided by
switching the SLM attenuator. Difference should be no N
greater than 0.5 dB. ' kﬁ%%?

h. ° Reset the SLM needle to exactly "+9", <§§§§>

i. Switch attenuator box dial to "20". 65339
. Switch SLM attenuator to "90". 25533

k. Repeat Step 7. 63;

- S

‘ 1. Repeat this procedure forl att nuator box
settings "30" through "60" (SLM C\h

through "50"). <§§S}

Me Repeat the ent1ng<froredure using 500 Hz and
1000 Hz s1gna1s

ator settings "80"

n. In eva1u9t<;g the SLM attenuator accuracy,
the following c¢é§§h1a will apply:

Ifgibihe change in attenuation provided by
each change of the SLM attenuator should be 10 + 0.5 dB.
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2. 'The cumulative error resulting from any
series of SLM attenuator changes should not exceed
+ 1.0 dB.

5. The A-wéighted frequency response of the SLM (with
microphone) will be checked for compliance with ANSI

S1.4-1971 using the electro-acoustical method. Response

will be measured at each octave band frequency from 63 Hz
through 8,000 Hz using a 90 dB (@ 1000 Hz) input signal.
Allowable deviation from the A-weighted responses at

each frequency will be those specified in ANSI S1.4-1971 {’*\39
for Type 2 SLM's, If the A-weighted response to the 4§§R§31
acoustical input does not meet the ANSI criteria, the §$>S§5
microphone will be removed and the SLM will be checkeé§§§>
using electrical input as described above. In this<%§§3;
the A-weighted response should be within the 1im{}£ h

establiShed for SLM electrical weighting (Tabli { f?

L

e
S,
o 30
The exact procedure for determining the SLM}Z?ﬁeighting
" accuracy is outlined below: IS h

o .\:‘.-)"
rA

a. Use "slave” calibrator s shown in Figure DI.

_@{p
b. Mount "slave" caliQf%%?y'onSLM to be tested.
‘Set SLM to provide "A—weightfﬁﬁ‘:‘

S

c. Set HP 350B-APfenuator Set on "30".
50 Qs
d. With tgﬁ Sgg%ai generator frequency control

set at 1000 Hz< ?@just its output amplitude to read "+10"
when the SE%§§Q “attenuator is set on "80".

ID-17
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e. Adjust the signal generator's frequency control
to provide signals at all the octave band center frequencies
from 63 Hz through 8000 Hz, Record each SLM reponse
reiative to the "+10", 1000 Hz response in Step 3.
(Example: A SLM reading of "+6.5" would mean a "-3.5"
relative response.) '

f. For those frequencies that produce a SLM reading
off the Tower end of the meter scale, the HP 350B Attenuator
Set should be switched in 10 dB steps to bring the SLM
needle back into scale range. These reductions in attenua- ) <$24'
tion via the Attenuator Set must be included in the Q%E?“
relative response determination. Example: At 125 Hz the <E%? )
SLM needle falls below the scale range. Switching the
Attenuator Set to the "10" setting (from "30") produc€§§§>
an on-scale SLM reading of “+6". The total relati
response would be (-20)} + (-4) or -24 dB. a%?

» 1

6. The internal (electrical) "noise" of the SLﬂ
will be checked by replacing its regular mlcrophone

with a short-circuited "dummy" (equa1f§gpedance)
m1crophone. Under this condition the meter shall
indicate less than 30 dB on the A§%
NN
7. The SLM output voltage Si¢ s will be checked at

the same time that tests axe run for scale linearity

and 10 dB step attenuat Elgkcuracy (items 3 and 4 above).
Accuracy will be mea&u % y connecting a graphic level
recorder (GLR) to therLM output and observing the GLR
deflection res uégg?q from the changes in the "slave"
calibrators' o the SLM. If no GLR is ava11ab1e,
output vo1tagk:§§Furacy will be determined via output

~voltage rat1os using the Standard Voltmeter. In ejther

w_ht1ng scale.
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case the SLM output voltages must correspond to the 10 dB
changes in acoustical input within + 0.5 dB, Qutput
Tinearity error must be less than 0.4 dB for any 5 dB
segment of the meter scale.

8. GLR response accuracy will be measured as described
in.Item 7 or may be determined by putting electrical
signals from the HP 350B Attenuator Set directly into
the GLR, . Tolerances for the GLR response will be the
same as those in Item 7.

9, GLR "overshoot, undershoot, and creep” will be fﬁﬁ ’

checked by effecting a sudden 20 dB change in input signaiS} o
and observing the immediate amount of GLR pen travel Q?Q?,'
at the fastest writing speed seting. OVershoot/unde}és\Dt
of 1.0 dB or Tess will be considered acceptable, . u£5§9
every attempt will be made to eliminate or miniﬁiﬁg}it
where instrument adjustments are provided. ,Q§§§geep

2

X o,
will be permitted. (O

10. GLR chart speed stability will bqgghécked for
stability by determining it at two di}fg?ent segments

of a continuous running period, hééchart Speeds
determined for these two segmeﬁ§§>_ust be within 10%

of each other. This test mus ~made at (1) the chart
speed setting normally used duting routine use (1.5 in./
min) and at (2) the faq&§fi>5peed setting offered on

the GLR. N4
D

11. GLR wrifin@?ﬁpeeds will be determined by suddenly
applying and S \Q§¥ng an input signal that will cause
full-sca]e-ﬁiﬁ> eflection. This should be done with

the chart advancing at its fastest speed (actual speed
determined in Step 10). From the s]bpes of the resulting
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traces (both rise and fall) the writing speeds (inches/
sec) can be determined. This test will be run for the
writing speeds commonly used in Caltrans field measure-
ment (3 or 10 inches/sec for Genrad GLR's). An actual
writing speed between 3 and 10 inches/sec must be obtain-
able at one of the settings. Other settings will be
tested as necessary. Rise and fall speed must be equal,

C. Supplementary Equipment Tests to be Performed
by District Personnel.
N
1. The following items should be checked prior to each %Fggih
use or at least once per month: ' <:§>-

‘ Q%. |
a. battery condition ‘ <é§i§3-'

b. general operabitity of both SLM and ca1i?rat0
¢. SLM calibration @ 1000 Hz é%i??‘

. o .
2. The items mentioned in C.1. above shouE@TaJso be
checked during field use at the fo]]owizg\tiﬁég:

.-

a. - jmmediately before and aﬁge:Q;%ch'measuring
. : o

_ period <§§§S¥

b. upon installation of figpibatteries

c. upon changing instﬁﬁ%ﬁ@t‘operator

d. after instrumentQhas eén transported or

N\ .

subjected to’aﬁi?Ywugh handling

e. whenever o éé%g;? suspects calibration to have
drifted. 855) -

a\x% >
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3. With reference to item 2-a above, the "before" and
"after" calibration response levels should be recorded

on the noise data documents for the particular measuring
period. Also, this information should be recorded on a
running record of SLM "drift" (Figure D5) to be kept with
each SLM,

4. The larger Districts, which use noise measuring
equipment on a regultar basis, should send their cali-
brators to Translab for calibration at least once between

the annual visits by TransLab personnel. This requirement

can be waived in those districts that have more than
'y

one calibrator. In these instances, interim accuracy {
TN
can be verified using comparison methods. {§§g

&

VII. Certification Program for Noise Measurement -Personnel

2
. - \w/‘>
A, Training QS§>&‘
NG
_ _ 57 '
Each Caltrans distrie¢t is responsible fer maintaining

trained personnel capable of performin§nhpise measure-
ments and studies. - NS

&

raining course upon

TranslLab presents a 32-hour nof
request from the Districts. R
ment personnel should have completed this course.
QA
Supplementary trainj'&%&- ough academic classes, equip~-
2 AN .
ment manufacturers'x§§m1nars, FHWA courses and various
reading materia(é%ﬁs also encouraged.
. FR

*district noise measure-

%\
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B. Annual Audit of Procedures

District personnei responsible for making noise measure-
ments will be examined and reviewed annualiy as to their
ability to determine the Leq value for a tape recording «
of traffic noise. This Le determination will be made
using two different methods:

1. the manual check-off method using the FHWA
"Ambient Noise Survey Data Sheet" and SLM only

2. the graphic method using a GLR connected

to the SLM output. ' jQS? 2

Operators will be expected to use those methods tauqﬁ€§§§> )
and acceptab1e to TranslLab and FHWA. <3é§\Q7

These tests will determine operators' ab111tx\f\\use
both the SLM and the GLR, as well as the1r\ab111ty to
interpret the measurement data and make qp acﬁ%rate

Leq determination. Leq values w1th1n'%>JdB of the known
mean Leq for the test tape will be<§3;§§dered acceptable.

If the operator being tested dqeg™hdt meet the above
criteria on the first test1n§*3%> ingle retest will be
alTowed with the operatorNQSTEE a different SLM. A
minimum of two operator u§% interpret any run of the
test tape for this t&gél ‘to be valid.

Upon comp1et1on 6?>qperator performance testing in each

District, a§§§.1cate (Figure D6) will be presented .
listing all e fied personneld. )
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Frequency (Hz)

100
400
1000
2000
5000
8000

Etectrical

A-Weighting (dBA)

-19

-5

-0.
+0.
-0.
-2.

.8
.4

4
7
5
1

-18.1
-4.,2
+0.4
+1.8
+1.5
-0.1

«N?
&

Table D1 A-Weighting Electrical To?eranéaégg?

(1

SL M'S(

ID-23
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.Signal
Generator
(HP3311A)
. | Frequency
Y 1 Counter
(HP5306A)
Ampiifier
HP 467A ,
L § !
Attenuator
Set
{HP350B)
ELECTRICAL SIGNAL ACOUSTICAL SIGNAL
PRODUCTIGON PRODUCTION
OR
Shielded connector i — " o
reploces microphone Slave calibrator
AGenrad 1562 A}
District District
SLM SLM
District /-‘W§¥éfd{
GLR A ANGLR
NNV
NOTE: @:—lvz
The agoustical output of the “slove" & S~
calibrator inrelation to frequency, must ) ’
be characterized on the working stondard SLM. % 4
¢ A
\::) .
STave"

ACOUSTICAQ> 1GNAL

P&u\é‘now
Q>

306A HP467A

CQNHP33]1A

HP350

Flgure pl, EQUIPMENT SET-UPFOR GENERATING

ACOUSTICAL AND ELECTRICAL SIGNALS

ID-24




d '%'Caﬁfornia Department of Transportation

TRANSPORTATION LABORATORY
Enviro-Chemical Branch

NOISE SECTION A
-w
RECORD
oF
CALIBRATOR CALIBRATION
DISTRICT- CALIBRATOR TYPE
Responsible Persgn SERIAL NUMBER
Phone
CALTIBRATOR OUTPUT _**
DATE Before Calibration After Calibration* Tested
1251250 [500 (1000|2000 125]25G15001(1000]2000 By "Remarks
“Ln-
DNSA
4 N
S
L
Y
,'vQ’Z,;
< v
o3 & :
.—.\5\- \“\>‘
N b
- <
N
Sk
AN
<N
ONNNE
AN
/\\\\\.':)
NN
32
L“\l
G
NN
AN
SN
- R
e
*Calibrator ouput m“gi%ﬁﬁtimately be within +0.5 dB at any output
frequency. Adjugﬁh At of a calibrator's output potentiometer{s)
will only be made\gien this criterion is not met. '
**For each date, u;Bbr figure is measured frequency (Hp), lower figure
is level (dB).
“TL-746 (Orig. 12/78) -_
4

Figure p2, Documentation Form For Calibrator Calibration
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&

CALIFORNIA DEPARTMENT OF TRANSPORTATION

TRANSPORTATION LABORATORY

Enviro-Chemical Branch
NOISE SECTION

CALIBRATION WORKSHEET

FOR :
SOUND LEVEL METERS{SLM)
AND
GRAPHIC LEVEL RECORDERS{GLR)
District SLM TYPE
Responsible Person SLM S/N
Phone GLR TYPE
Microphone S/N GLR S/N
Tests Where
By Performed Date
Phene {t _
SLM A~Weighting Network SLM 14 dB Step Attenuator Internal e :L}
Noise ANy
Frequency ® 1 Actual Step SLM Scale SLM Qutput {dBA) . (\ .
(Hz) {dBA) 2501500 ]1000]| 2565001000 Y-
110—=100 @ Actua]\/) :
8000 -20.3 ¥6.5 - =30] NSO
100— 90 S
4000 -20.3 ¥3:3 g‘\E§>A
90— B0
2000 -8.6 3.0 . .
80— 70 ;? - :
1000 ° 0 ref. ANV
70— 60 ,«vV§>
500 -1.0 22,0 o
60~= 50 Lo {
250 -8.8 2.5 Cumulative|a | b |c a | b K:c»
Ket Error
125 -24.0 *2.5 e ) )
+ . t h
63 |-42.5 *3.0 o |Ine sismator met aifovhuee 10,0 f0ssgh coch scer
; Algebraic sum of steps\errt}rs =0. 3zccurr factor'
. " At AP .
GLR Checks “® lactual \\S?
1. Chart Speed(i0-) | n/A <::>
Maximum (\f\\ﬁ\ﬁ
2. Writi S de_in - 5.1 dB Linearity
riting Speed(z5g) | 3 1q ScaleNYgPermitted
3. Response to 10dB " Sq@mentvCumuIative SLM Scale SLM Output
change in input{dB)=0.5 . Error {dB){250]500[1000|250]500[1000
4, Response to 5dB + <~ 0——+5 0.4
change in input(dB)_0'4 1$§\§L
5 o N?Te {%}- )+ 5— 0 0.4
- Lreep allowed
- —ah IN) Iy
. Overshoot (+ ’0.5
Undershoot(-dB) (\\.;3\
: AN,
REMARKS : AN
- \\\')

& Performance guidelines for CALTRANS equipment
1.These values are an algebraic sum of slave calibrator frequency
respaonse and A-weighting per ANSI 51.4-1971

TL-745 (0rig.12/78)

Ca]ibratidn_wofksheet
ID-26
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¥ California Department of Transportation

TRANSPORTATION LABORATORY
Enviro-Chemical Branch
NOISE SECTION

District (916)444-4886 Date
o . CERTIFICATE OF CONFORMANCE,
f{ - | Lab Std. Mic. Ho.

Lab Std. SLM Ro.
Working Std., Mic. No.
Working Std. SLM No.
Pistonphone No,

L
This is to certify that the equipment Tisted below has been tested<.
and calibrated to Caltrans Performance standards using 1nstrumegts*
whose calibration is traceabie to the National Bureau of Standavds.

Make Model No. Seria]_Néf\
-
| -
AN
(&=
l é{"

B
63§§§§>‘

TL-747 (Orig. 12/78)

Figure D4. Calibration Certificate

Earl C. ShirTey, Chief.
Enviro-Chemical Branch
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DISTRICT

Enviro-Chemical Branch
NOISE SECTION

RECORD

SLM CALIBRATION DRIFT

Responsible Person

Phone

CALIBRATOR TYPE
SERTAL NUMBER

SLM TYPE

SERIAL NUMBER

California Department of Transportation
TRANSPORTATION LABORATORY

DATE

TIME OF
DAY

CALIBRATOR
OUTPUT @
1000 Hz(dB)

INITIAL SLM

RESPONSE
(dBA)

CHECKED
BY

NN

JONN)

Y
o

R )

AN
7

-

(fi)c

NN

oW

!
2.

(‘<'

X
N

- ~
NOTE: This form afﬁﬁ
with the SLM.

TL-750 (Orig. 2/79)

Figure D5, Record Of SLM Calibration Drift

ID-28
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SR e A %'Ca]ifornia Department of Transportation
‘ TRANSPORTATION LABORATORY
Enviro-Chemical Branch

 NOISE SECTION
(916)444-4886

()

District - Date

PERFORMANCE CERTIFICATE
| FOR
f}," | No1sE MEASUREMENT PERSONNEL

This is to certify that the individuals listed below have been audited for

. : ‘ . . L
proper performance of procedures used in Caltrans noise measuremen&;ﬁgrk.

- Earl C. Shirley, Chief
G%gi - Enviro-Chemical Branch

TL-749 (Orig.2/79)

Figure D6. Operator Qualification Certificate -
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SECTION I
PROBLEMS

Determine the sum of the following sound levels by
"decibel addition" to an accuracy of + 1 dB:

a. 86 dB b. 81 dB c. 90 dB
89 dB 81 dB 76 dB
72 dB - 81 dB 78 dB
77 dB 80 dB
Ans. dB | dB LI

AN
Suppose the noise level from one noise source (as§umeQ5-

a “point source") is 56 dB at a certain distance awWay.

Mow, suppose that 16 of those same noise sour @%xy re
turned on at the same location as the firsiysource.

What noise level would you expect at theaﬁégé)distance

away? C3§%§>
G

Ans, dB ~

— KX
. W,

Suppose highway traffic prodgfesxa noise level of 64 dB

at a certain position from yroad for a traffic

flow of 2000 vehicles Eef%%%hr. What noise level

could be expected fordlth arious rates of fiow listed

below, assuming tthSamé’éenera1 type of traffic?

A
>

S)
Ans. 5000 vehigle$, per hour dB
i\ Q _ e
1800 yehﬁ@ﬂes per hour dB
A
Aiqgg&§h1c1es per hour | dB

IE-2



Sﬁbﬁbsé fhe“bctave_bahd sound pressure levels of a
truck are as listed below. Find the overall sound
Tevel (+ 1 dB accuracy is adequate).

Octave Frequency Sound Pressure

Band (Hz) Level (dB)
31 ‘ 74
63 90
125 89
250 ‘ 84
500 82
1000 80
2000 74 2
4000 72 . RS
8000 65 : 5%;39
N
Ans., dB overall, dBA \i\\§>

4 (+ 1 dB accuracy is adequate). ' <39

Suppose a s1ngle automobile produces a ;\\b Tevel of
65 dBA at 50 ft distance. What wou1d~1t9 sound level
be at the following distances, a%&ym1n good sound
propagating atmospheric cond1tvﬁ§§?,

at 200 ft <3% dBA
at 500 ft S§§§;>

dBA

at 2000 ft <:% . dBA
% .
S

Suppose the ngi: level of a passing truck is found to
be 80 dBA when measured at a distance of 100 ft., What

would b§§§§P}A ~-scale sound level of that truck at 50 ft

d1stan‘§:b

Ans. __ dBA

at 1000 ft

EI-3
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10.

11.

Suppose the sound Tevel of a bus is found to be 76 dBA
at 160 ft distance. What would be its A-scale sound
level at 800 ft distance?

Ans. - dBA

A continuous flow of traffic is found to produce an
average noise level of 80 dBA at the reference 50 ft
distance. For a drop-off rate of 4.5 dBA/DD, what
average A-scale sound level would be expected at 800
ft distance? WYhat sound level would be expectéd for
a 3 dBA/DD drop-off rate? :

Ans. _____ dBA for 4.5 dBA/DD Q\\":?j"
) . <N
dBA for 3 dBA/DD | Q\lﬁ'
&
A
Suppose the average noise level produced at a\ﬁqp Tt

distance from an existing highway is about<32 dBA.
The highway now handles about 1200 veh1c]'§\per hour.
Foliowing a proposed improvement progrgm Sit is
expected that the highway traffic w11}fnncrease to
3200 vehicles per hour. Assum1né33 dBA drop-ofT per
double distance, at what d1stan€é from the improved

highway will the 72 dBA 1evé$sgpp1y

Ans. __ __ft §

A Targe number of re§1de ces located at 260 ft distance
along an existin ghway now receive average nighttime
noise Tevels OF g\\,dBA Future traffic is expected to
quadruple the\Q:esent traffic. The present neighbors
are alreadyrunhappy with the 68 dBA noise levels. The
future @E§>> w111 expose still more people to 68 dBA

or h1g If noth1ng is done about the increased

IE-4



12.

k ﬁ§i§e,;how'¥ar from the road will the 68 dBA levels be

heard for the increased traffic conditions, assuming

3 dBA/DD drop~off and assuming that the ﬁouses are far
ehough apart that they do not provide any appreciable
barrier effect,

Ans., ft

The Occupational S